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^ (57) Abstract: A device comprises a cartridge (12) and a plurality of analyte detecting members (18) mounted on said cartridge. 

The cartridge may have a radial disc shape. The analyte detecting members may be a three-electrode system wherein only a working 
O electrode is covered, with a glucose o;(idase. In one embodiment, the device may also include a tluid spreader (28) positioned over at 
^ least a portion of said analyte detecting member to uigc fluid toward one of the detecting members. A plurality of analyte delecting 
^ membere may be used. Each analyte detecting member may be a low volume device. 



wo 2004/054455 Al liBlilliliililiMliililillliiii 



Eurasian patent (AH AZ, B Y, KG, KZ. MD, RU. TJ. TM), For two-letter codes and other abbreyiations. refer to the "Guid- 

. European patent (AT, BE, BG,CH,CY.GZ,DE,Dk, EE, arice Nates on Cades atuiAbhrievUitiorts'' ap^ 

ES,Fl,FR,GB,GR.HU,IE,rr,LU,MQNUFtRO,SE, ning of eeu^ regular issue €f the PCTGoT^tie. 
SI, SK, TRX OAW patent (BF, BJ, CF. CX5, a, C:M, GA, 
GN, <jK}*^GW, MU MR, NE, SN. TD, TG>. 

PubBshed: . 

— ^ . with iraenuoionai search report 



* 



wo 2OO4/0S44SS 



PCT/US2003/04009S 



IVffitHOD AND APPARATUS FOR MEASUMNG ANALYTES 



BACKGROlM) OF THE INVENTION 
toeing d<5vices are Imdymmflieme^ ; 

piercing the skm to prodoce blood for analysis. Typically, a drop of blood fw Ihis type of 

analysis is obtained by malmg a small incision in the fingertip, cteating a smaB womd. 

v(iu(^ goiei^ a sniaU blood droplet on the surf^ 

Early methods of lancing included piercing or slicing the skin with a needle or 

razor. Ciment methods utilire lancing devices that co 

mass actuators to drive the lancet These include canfiievet qaings. diaphragms, coil, 
qaings, as Well as gtaviiy phimbs i^ to drive the lancet The device may be held 
against the skin, and mechamcaliy t^ ' 
Unfortunately, fli^ pain assodated with eac^ 

discourages patients fiwm tes&ig. M addition to vibratory stimulation of the idchi as tte 
driver impacts the endof a lamicher stop, known spring based devi6es have the possibiUty 
of firing ^ncete thkl harmonicaUy oscpto against the pati 
striked due to recoiL This recoil arid multiple strikes of the Lmcet is one major 

^fq?edin^t to patiimt conq)Iiance wia a structured ghicose monitoring 

Anothcar inq>ediment to patimt ctmipliance is the^ 1^ 
generated by known lancing techn61o^. In addition to the pam as discussed above, a . 
p^ent in^n^ more than one lancing event to bbtam ablood sample since spontaneous 
blood geiaeratioil is unrdiable using known laiicitig tecimology. Thus the pam is 
midtipUed by tiie number of attenq)fe reqiured by a 

spontaneous blood flow:. Dififerent skin thickness may yield different results in tenns of 

pain pferception, blood yield and success rate oif obtaining blood between 

of the iabang device. Known devices poorly aiicount'for these skin thickness variations. 

A ^ further impediment to improved compliance with glucose momtoring are 
the many steps and inconvenience associated with each lancing event Many diabetic 
patients that are insulin dependent may need to self-test for blood glucose levels five to 
six times daily. The laige number of steps required in traditional methods of glucose 
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testina ranging from lancing; to milld^ 

getting the measurements firoin the test strip, <fi$couiages many diabetic patiaits from 
te^gthdr blood glucose leveb as often as recommended Older patients and those with 
deteriorating motor skills encount^ difficulty loading lancets into launcher devioes, . 

5 transfeiring blood onfo a test strip, or insoiing thin test strips into slots on glucose 
measuTMnent metcars. Additionally, &e wound channel left on the patient by knoym 
^yst^ns may also be of a size that discourages those v/bo are active with their hands or 
who aie worried about healing of those wound channels from testmg their glucose levels. 
Still fiirthdr, the inconvraieiice of having to carry aroimd a larjge number pf individual tpst 

10 strips encumbers the usdrs of convoitibnd test eqmpm 

SJJMhAARYO 

\ Thepresent invention provides solutions for at least some of the drawbacks 
discussed above. Spedficany.someembodhnegts pf Aepreseatinvrntionp^ 

15 multiple lancet solution to measuring analyte levels in ftie body, the uiventipn may use a 
high density design, With'regards to the number of penetratuig memb^ in a c^dge or 
number of analyte detectrngmembeis on a cartridge^ The present invention may provide 
an indicator of the point of unpact of a lancet or p^etratmg member used to sample fluid 
from tissue. At least some of these and othor objectives described herdn will be met by 

20 cmbodimiMitsofflie present invention. 

In one embodiment of the preisent invention, a device is provided for use with a 
body fluid saii5>ling deviccf for extracting bodily fluid from an anatomical featiue. The 
dei^ce comprises a Cartridge hav^g at plurafity pfc^ The device may mclude a 
plincality of penetrating mea^bo^ eadh at least partially contained in the cavities of the 

25 cartridge wherraii the penetrating members are sU<^ 

openings on the cartridge to penetrate tissue. The device may also include a plurality of 
analyte detecting members and a plurality of chambers. Each chamber may be associated 
with one of the cavities, the chambers positioned along an outer periphery of the 
cartridge, wherein at least one of the analyte detecting members forms a portion of one 

30 vrdi ofone ofthe plurality of chambers^ 

In one embodfanent, the device may also include a fluid spreader positioned ovct 
at least a portion of the analyte detecting member to urge fluid toward one of the 
detecting members. The penetrating members may each have a tip, wherein at least one 
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. tip has a starting plosition in the chamber.. The analyte detecting members may be 

electrochemical In one embodiment, at least one of the. chambers includes an (^>ening on 
one of its surfaces, wherein one of the analyte detecting menibiers is. visible tluougih the 
j3pening. 

S In another embodiment, the presmt invention 

body fluid sampling device for «tracting bodily fluid fiom an anatomical featurb. The 
. device comprises a cartridge having a plundit^ of sample duimbers and a plutality.of 
' poietradng members each at least partially contained in the sample, chambeis of the 
single cartridge \Aerein flie praetrating members are slidably movable to extend outward 
10 fiom openings on tiie cartridge to penetra^ A plurality of analyte detectmg 

members may be inchuled. The chambers may be portioned sub^t^ 
outer periphery of Uie cartridge wherein at least one of the analyte detecting membeis 
. forms a portioii of one WaU of one of the plural 

. The present invention may be directed at providing systems, methods^ aiid devices 
15 - for using multiple sensors to measure an analyt^^ 

embodiments will do so using electrochemical apalyte measuring techniques. In one 
embodiment, the sensors are low volume sensors each usmg less than about 500 
nanoUters to obtsdn an analyte measurement. 

The present invention is Erected at providing multqple siensors haviiig 
20 . sensitivities oyer multiple concentration ranges. Additionally, these sensors may have 
low body fluid volume requirements, allowing for multiple staisors to be used at one time 
u^g qjontaneoiis blood available from a standard lancet wound or prick on a patient's 
fingcar or other tissue site.. 

Nficrofluidics may be used to channel blood to some or all of ttiese sensors. , hi 
25 one embodim^t^ these sensors noay be a sensor using a 

; measurement technique. * . . 

Nanowires may l>e provided forthese sensors!. /In one em 
inveiition, tiiese Wires may be in tiie size of 100 nanometers by 20 nanometer size (0.1 
micrometer). This may be made into a sensor design with electromps. to monitor 0acose. 
30 This could he designed into a sensor of about 1 micrometer x 1 micrometer (1-10 
nanoliters blood requirement). An array of sensors could be made. Some number of 
sensors say 50 each may be devoted for each concentration range for statistical advantage. 
This gains by eliminating noise issues that may be associated in some sensors, but not 
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seen in others. The accuracy gains by the square root of the number of sides. In some 
embodiments, several areas each having multiple sensors inay be dedicated to each 
concentration range: 

one aspect of the present inventioii, a glucose sensor is pr^ 

5 potentiometric technique to measure glucose levels in blood or body fluid volumes of less 
than about 500 nanolit^. Multiple glucose sensors may be added to improve accuracy. 

M ano&er embodiment^ the device may comprise a ca^ 
exposure region and a nanowire. The detection of an ahalyte in a sm^ple in ttie sample 
exposure region may occur while flie cassette is discoimected to 

10 allowing samples to be gathered at one ^te, and detected at another. The cassette may be 
bperatively coiinectable to a detector apparatus able to determine a ptapestty associated 
Mrith the nanowire. As used herdn, a device is "operatively connectable^ whdi it has the 
ability to attach and mteract wi& anoth^ apparatus. Id other embodiments, the detection ; 
apparatus is. fiilly integrated with simple collector having flie sainplq exposure je^on. 

15 Inanottier embodimmtyOneormOreiianowiresmaybepo^^^ 

microfluidic chmneL One or molne different naiipwifes may cross the same microchannel 
at differoit positions to detect a different analyte or to measure flow rate of Oie same 
analyte. In another onbodiment, one or more nanowires positioned in a microfluidic 
diannel may form one of aplurality of analytic elements in amicrp needle probe or a dip 

20 add read probe. The micro needle probe is implantable and c£q)able of detecting several 
analytes simultaneously in real tiine. hi another embodiment, one or more nanowires 
positioned in a microfluidic chanriel niay form one of the analytic elements in a 
micrdarray for a cassette or a lab on a chip device. Those skilled in the art would know • 
such cass^e or lab on a chq> device will be in particular suitable for hijgji throughout 

25 chemical analysis and combinational drug discovery. Moreover, the associated method of 
using the nanoscale s^isor is fast and simple, in that it does not require labeling as m 
other sensing techniques. The ability to include multiple nanowires in one nanoscale 
sensor, also alloWs for the sunultaneous detection of different analytes suspected of being 
present in a single sample. For example, a nanoscale pH sensor may include a plurality of 

30 nanoscale wires that each detects different pH levels. 

A fiirth^r understanding of the nature and advantages of the invention will become 
apparent by referience to the remaining portions of the specification and drawings. 
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; BRIEF DESCM^ON OF TlffiDR^ 
Figuie 1 is a perspective view illustrating a system, according to an embodim^t 
for^use in pieixnng skin to obtain a blood 5 

. Figure 2 is a plan view of a portion of a rqplapeable penetrating member cartridge 
5 forming part of the systexn; 

Figure 3 is a ODOSs-sectipn^ ^d view on 3-3 in Fig^ 
. I^guie 4 is a.apss-sectibi^ 
Figure 5 i^ a pienpective view of an 
for manipulating conq)onente of the cartridge, iUus^^ 
10 mmberafxeldiatbrinadownwsud 

Figuie 6A is a view similar to Figure 5, iUu^ 
advanced; . 

Figure is a aross-^ectidnal side view iUustrafing how the pen(5trating memb^ 
acceteiator allows for the car^ 
15. Figure VA sindTB aiie views similar to H 

illustrating pivoting of the penetrating member accelerator in an opposite direction to . 
engage with a select one of the penetrating members in the cditridge; • 

Figures 8A and 8B are vieWs similar to Figures 7A and 7B, respectively, 
illustrating how the penetrating member accelerator moves the selected penetrating 
. 20 member to pierce skin; 

Figures 9A md^B are Views simU^ 
illustrating how the penetrating member accelerator retoms the penetrating meniber to its 
original position; 

Figure 10 is a block diagi^ illustratin 
25 . and" . /*. 

Figure 11 is an end view illustrating a cartridge according to an optional 
embodiment that allows for better adhesion of sterilization bsuGners. 

Figure 12 is a croias-sectionai view of an embodiment having features of the 
invention: * ^ 
• 30 Figure 13 is a cross-sectional view of an enibodiment having features of the 

invention in operation. 

Figure 14 is a cross-sectional vie\y illustrating a low-fiiction coating appUed to 
one penetrating member contact surface. 
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Figure 15 is a cross-sectional view illustrating a coating applied to one penetrating 
membCT contact surface which increases Mction and improves 
area between the praetrating member and the penetrating m 

Figure 16 illustrates a portion of a penetrating naember cartridge having an annular 
' 5 configuration wifli a phirality of radially oiimted penetrating member slots and a distal 
edge of a driye mmib^ disposed in one of the pc^etr^^ 

Figure 17 is an elevational view in partial Ibh^tiidinal section of a coated 
penetrating m«nW in rontart with a coa 

Figure 18 illustrates an embodiment of a.landng device h^^ fektmes of the. 

10 invention. 

Figurel9isaperq)ectiveviewofaiK)rtionofapeneti^^ 

We plate having a pltitraii^ of penetrating member slots and d^ 
disposed radially inward of aiid aUgn^^ 

Figuies 20-22 illustrate a penetrating member caifaidge in section, a drive 
15 member, a penetrating mahbear and the tip of a patiaif s finger duiihg three sequential 
phases of a lancing cycle. 

Figure 23 illustrates an embodiment of apch^ratingmember cartrid^ having 

features of the mvention. 

jrigure 24 is an exploded view of ^ portion of fee penetrating m 

20 Figure 12. 

Figures 25 and 26 illustrate a multiple layer sterili^ barrier disposed over a 
penetrating member slot being penetrated by thb distal end of a penetrating member 
dining a lancing cycle. 

FigiireslZ? and 28 illustrafe an ^bodimmt of a drive niemb^ cot^led to a drivCT 
25 wherein the drive member includes a cuttingmember having a sharpened edge i«Wch is 
configured to cut through a sterility barrier of a peiietratiag meinber slot during a lancing 
cycle in order for the drive xHemb^ to make contact with the penetrating member. 

Figures 29 and 30 fllustrate an embodimCTt of a peiietrating mm^ 
longitudinal section having a ramped portion disposed at a distal end of the penetrating 
30 member slo{ and a drive member with a cutting edge at a distal end thereof for cutting 
through a sterility barrier during a lancing cycle. 

Figures 3 1 -34 illustrate drive member slots in a penetrating member cartridge 
wherein at least a portion of the drive member slots haye a tapered op^iing which is 
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larger in tr^isveise dimension at tiie top of the drive member slot than at the bottom of 
the drive monber slot 

Figjiies 35-37 illustiatB ^ embodiment of a penetrating member cartridge and 
penetratihgrnember drivememberT»*erein the pe^^ 
5 amtottredjawscwifigiiredto grip a penetrating monber shaft. 

Figures 38 M 39 show a portion of a Imddg device having a U ■ 
opened to expose a pettc*iating member cartri cavity for removal of a used p«ietrating 
menibw cartridge and insertioii of anew peoetr^ 

Figures 40 and 41 fflustate a penetrating member cartridge 
.10. mraibeir slots on boQi sides. 

. Fiffires 42-44 iflustrate end and perspective views of a penetniti^ 
cartridge having a plurality of penetrating member slots foimed fiom a corrugated surface 
. . .of fliepCTetnding member cartridge. 

Figures 45-48 illustrate embodiments of a penetrating memba- and drive me^ 
5 wherem the penetrating member ha^ a slotted shaft and the drive member has a 

protuberance configured to mate wth the slot in the 

Figure 49 is a perq)ective view of a cartridge according to the present inveiition: 
Figures 50 and 51 show close-ups of outer peripheries vario^^ 
Figure 52 is a perspective view of an underside of a cartridge. 
[) Figure 53A shows a top down view of a cartridge and the punch and pusher 

devices. 

.Kgure53B is a perspective view of one embodiment of a pimch plate. 
; Figures 54A-54G show a sequence of motion for the punch plate, the cartridge, 
. . and die cartridge pusher. 

i . Figures 55A-55B show cross-sectifflK of the system according to .flie laesent 

. invoition. 

Figure 56A shows a paqjeetive view of the system according to the present 
invention. 

Figures 56B-56P are cut-away views showmg mechanisms within the present 
invention. . 

Figures 57-65B show optional embodiments according to the present invention. 
Figure 66-68 shows a still further embodiment of a cartridge according to the 
. present invention. 
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Figures 69A-69L show flie sequ^ce of motions associated with an optional 
embodiment of a cartridge according to flie present mvoition. 

Figure: 70-72 diow views of a sample modd^ 
of a cartridge acjOTidiiig to the presmt i^ 
5 ' Figure 73 diows a cartridge with a stoffity banier and an analyte 

: meniber hiyer. 

Figqre 74^78 dM>w stin fertile^ 
coiqpled to a cartridge. 

Figures 79-M show optiomd cdnfigurations for a cartridge for use wiii the present 

10 invQflitioiL 

Figu^ 85 diows a we-flHougJi view of OM 

the present mv^on. 

Figure 86 is a scheniific of an optioilal dn^^ 



15 piguies87A-87BsbQWstinfiar^ 
present invention. 

Figure 88 shows a cartridge having an array of analyte detecting manbers. 
Figure 89-90 show embodiments of iUnm 

invention* ' 
20 Figures 91-96 dipwfcrflierenibodimCT^ 

detection. . 

Figure 97 shows a chart of varying penetrating mOT^ 

of the tissue. • * * 

Figure 98 diowsacross-sectionil view of a K^t source us^ . 

25 driver. ; - 

Figure 99 md 100 show cross-sectiond views of housings having a 

used with aiming the driver. 

Figures 101 and 102 show a housing AnSierein a portion is made of a clear material. 
Figure 103 shows a caitadge* stcriUty barrier, a^^ 

30 present invention. 

Figures 104-105 show perspective views of one embodiment of the present 

invention. 
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Figures 106-107 show perq^ecdye views of an underside of one embodimient of 
the present invention. 

Figures 108 and . 109 show a top view and bottom view of a fiulher.mbodiment of 
a cartridge according to the pies^ invoition. 
5 Figures 108 and 1 09 show a top peispective view and a bottom perspective view 

of a fiirther embodiment of a cartridge according to the present inventidn. 

Figure 1 12 shbws additional CTbodimmts for us^ 

Figures i 13-1 15 siiow various views of a still 
and ahalyte detecting members according to &e present invention 
10 Figuriss il6andll7showab^viewmdbottomvie^ 

a cartridge according to the present invention. 

Hgures 118-119 shows additional embodiments for use with the jnesent 
invention. 

. Figure 120.is a top down view of a cartridge ttsmg a . 
15 analyte detecting inCTiber. 

' Figines 121-123 are perspective views of 
according to the present inventioiL . 
Figures 124-125 show kite acc^^ 

Figures 126-128 are graphs showing soialyte detecting meo^^ 
20 Figure 129 shows an embodiment of a ci^ 

detecting members. 

Figures .pO-132 show various configurations of a^ 
. members. * 

Figures 133 Arl33B show iianowirenoumu&cturing 
25 . Fijgure 134 shows an array. 

Figure 135 shows flie intdracti<m of moieties to be detected and an FET. 
Figure .136 shows another embodiment of an analyte detecting me^ 
Figure 137 shows on method for depositing materials on an electr^ 
• Figure 138 shows a cartridge, suitable for housing a single penetrating member and 
30 haying a plurality of analyte detecting members. 

Figures 1 3?-i40 show top down Views of the cartridge and the analyte detecting 
member. 
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Figure 141 shows a view of the undeiside of the cartridge and ^e analyte 
detecdug member. 

Figure 142 shows a cross-section of one embodiment of flie analyte detecting 
members 

5 Figure 143 shows an e?q>loded view bf one emlxK^ 

member. 

Figures 144-147 ishow variotts views of an embodinient of a radial cartridge 
havmg a plurality, of analyte. detecting m^becs^ . 

Figure 148 shows a clds&-np view of dne Wbodimoit of contact pads used in the 
10 present inveotion. 

Figures 149-150 show various embodiments of a radial cartridge having a 
plurality of analyte detecting members.^ 

Figure 151 shows 6n^ emlx>dim^ of a radiial cartidge m 
Figure 1 52-1 53 show still fiirfher emtiodim^its of a cartridge having a plurality qf 
15 analyte detecting members. 



DESCRIPTION OF THE SPEOnCE^ 
The presmt invention provides a multiple analy^ 
20 body fluid sampling. Specifically, ^me embodiments of the present invention provide a 
multiple analyte detecting member and multiple lancet solution to measuring analyte 
levels in the body. The inv^on misuse a high doisity desigp. It may use lancets of 
smaUer size, such as but not Uioited to diameter or lengOi^ ^ 

device may be used for multiple lancing evmte without having to remove a disposable 
25 from the device. The invention may provide iinproyed s^ing capabilities. At least 
some of these and other objectives described herem will be met by embodinieats of the 
present invention. 

It is to be understood that both tibe foregoing genial description and flie following 
detailed description are exemplary and explanatory only and are not restrictive of the 
30 invention, as claimed. It must be noted that, as iised in the specification and the appended 
claims, the singular forms "a", "an*' and "the'* include plurial referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a material" may include 
mixtures of materials, reference to "a chamber" may include multiple chambers, and the 
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like. Rfifiafenices citei hereiii are hereby incorporated by reference in Iheir entirety, except 
to tbe extent tbat thqr conffict with teachings ejqiUcitly 
^^l*' specification and in fteclai^ 

tiumbw of tenfls which shaH be defined to have the following meanm 
5 '^*»'»^"of>ti<»«dl/*means^ 

may or may not occur, so that the description includes in^ 
occuisandinstoceswhereHdoesnot. Forexainple.ifad^ 

feature for ansdyzmg a blood sample, this means that the analysis feature may or may not 
be present, and. thus, Uie d^ption includes structures wherein a device possesses the 
10 analysis feature and stractares wherem the ^ 

. "A^yfe detectmg member refers to my use. sing^ 
<*«n»Ml tei*reagenfe and methods, electrical te^^ 

cpmponenls and m(^ods, optical test components and methods, and biological test 
reagaits M methods to yieid infoonation about abtood sample. Some of these methods 
are wdl| lowiw^ in the art andmay 1» ba^^ 

dinifeal Chemistry, 3d Ed-, Sec. V. pp. 776-78 (Buttis & Ashwood, Eds., WB: Saunders 
Cohipany,Philade%)hia, 1999);U.S.^^^ 

l999);lj.S. PaLNo. 5,059,394 to PWUip et aL (Oct 22. 1991); U.S. Pat No. 5,001.054 
to Wagner et aL (Mar. 19, 1991); and U^S. Pat No. 4,392,933 to Nakamura et aL (July 12, 
1983), the teachings of which are henby incorporated by reference, as weU as others. 
Analyte detecting member nuy inchide tests m the sa^ 

electrodiemical prx^es of the blood, or they may include optical means for s 

optical properti«! of ^ 

WbiAenrical r^ents (eig: antibodies)^^^^^ 

25 fljeblopd. i^»eanblytedet«tingmembermaycomprisebiosensingo 

that willreact withan analyte inblbod (e.g. glucose) or other body fluid so that an 
apprbiwwte signal conrelating with the presence of the analyte is generated and can be 
read by the reader apparatus. By way of example and not limitation, analyte detecting 
membermay be -associated with". >ounted within**, or "coupled to" a chamb^ or other 

30 structure, when the analyte detecting member participates in the fimction of providing an 
appropriate signal about the blood sample to the reader device. Analyte detecting 
membermay also include nanowire analyte detecting members as described herein. 
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Analyte detecting member may use any, sfipgly or in combination, potentiometiic^ 
coulometric, or othor method useM for detection of analy^^ 

Figures 1-1 1 of the accompanying drawinjgs illustrates one embodiment of a 
system 10 for piercing tissue to obtain a blood sample. The system 10 may include a 
S replaceable cartridge 12 and aa a|)paratus 14 for xeinovably receiving the cartndgq 12 and 
for manipulatmg components of the cartridge 12. 

Ref^ring jointly to Figures 1 and 2, the cartiid^ 12 may include a plurality of 
penetrating membras 18. The cartridge 12 may be in flie form of a qicular disc and has 
an outer circular sur&ce 20 and an opening foinmig an inn A 
10 plurality ofgrooves 24 are formed in a planar surface 26 Eadi groove 

24 is elongated and extends radially out fi»m a center point of the cartridge 12,* Eadi 
groove 24 i^ fbniied through the outer cinadar surface Althougji not shoiyn, it should 
be understood that the grooves 24 are formed over the entire circumf^ence of the planar 
surface 26. As shown in Figures 3 and 4, each groove 24 is relatively narrow closer to ttie 
15 benter point of tiie cartridge 12 and slightly wider fiirtbeir from the centCT point These 
grooves 24 may be molded into the cartridge 12, machined into the cartridge, forged, 
pressed, or formed using other methods use&l in the roanufacturc 

In die presOTt embodiment, each penetrating member 18 h^^ 
and a sharpened distal end 27 having a sharp tip 30. The penetratmg inembor 18 may 
20 have a circular cross-section with a diameter in this embodiment of about 0.3 1 5 mm. All 
outer surfaces of the penetrating member 18 may have the same coefficient of friction. 
The penetrating memba: may be, but is not necessarily, a bare lancet. The lancet is 
"bare", in the sense tiiat nd raised formations or molded parts are formed thereon that are 
cbmplemehtarily ettgageable w anodic structure. Traditional lancets include large 
25 plastic molded parts that are used to fadUtate engagement Unfor^ 

attachments add size and cost In the most basic sense, a bare lancet or bare praetrating 
member is an elongate wire having sharpened end. If it is of sirtficiently small difflneter, 
the tip may be penetrating without having to be sharpened. A barelancet rnaybebent 
and still be considered a bare lancet The bare lancet in one embodiment may be made of 
30 one material. 

In the present embodiment, each penetrating member 18 is located in a respective 
oneof the grooves 24. The penetrating members 18 have then* sharpened distal ends 27 
pointed radially out from the center point of the cartridge 12. A proximal end of each 
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penetrating member 15 may enga^ m an inter^^ 

restive groove 24 as shown in Figure 3. Otherembodimenlsoffliecaittidge 12may 

not nse such an int<»ference fit As a nonKimtiiig wcample, they may use a ftacturable 

adhteive to releasably se«sire the penetatin^ 
5 Figure 4, moie distal portions 6f the penetrating member 18 are not engaged with the 

(q?poang sides oiethe groove 24 due to the larger spa^ 
The cartfdge 12 may forthw include isteril^^ 

upper surfece 26. Tlw sterilization hairier 28 is located pv ig 

and scrvra to iisiJ!^ the penetrate 
0 sterilization barrier28i^^ 

device appKes a force thaeto. The sterilization barrier 28 alone or in combination with ' 
other baniers may be used to create a sterile envir^^ 
pmetraiing membaprior to lancing or ach^ 

made of ayaiiefy of materials such as birtnot limited to metallic foil; aluminum foil, 
pq)er,polymmcmaterial,orlamina^^ Other details of the . 

s^lization baoner are de^ed iKarein. 

:ln the preset emijodimiai^ the q)parahis 14 may include a housing 3 0, an 
iiiiHatorbutt<Mi 32, a penetrating monber movement subassembly 34, a cartridge advance 
• subassembly i6,*atleries 38, a c^acitor 40, a microprocea»r controUer 42. and switches 

- 44. Thehousing30mayhavealowerportion46andalid48. Thelid48issecnredto 
the lower portion 46 Swth a Mnge 50. The lower portion 46 may have a recess 52. A 
circular op<^ng 54 in the lower portion 46 defines an outer boundary of the recess 52 and 
a fwel platform 56 of ttie lower portion 46 defines a 
In us4i?»eKd 48 of t^^^^ 

Fianb. 1. Ilje caitaidge 12 is iflipped over and positioned in the recess 52. The planar 
surface 26 re^ against the level platfonn 56 and the circul^^^ 

outer drcuiar surface 20 to prevent movement of the caitridgb 12 in a plane thereof The 
lid 48 is then piypted in a dnection 60 and closes the cartridge 12. 

Refeiriiig to the embodiment diown in Figure 5, the penetrating member 
mov«nent i^ibassembly 34 includes a lever 62, a penetrating member accelerator 64, a 
hnear actuator 66, and a spiing 68. Other suitable actuators including but not limited to 
rotary actuators are described in commonly assigned, copending U S. Patent AppUcation 
Ser. No. 10/127,395 (Attorney Docket No. 38187-2551) filed April 19, 2002. The lever. 
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62 may be pivotably secured to the lower portion 46«^T^ . | 

acic:es^te position external of the lower portion 46 1 

tfaroughthe lowerportion46 tooneendof thelever62. Tte I 

accelerator 64 is moimted to an opposing end of the levGT 62 A usardqn?es$es the button I 

5 32 in an upward direction 66 so that the shaft 70 pivots the end of the leve^ . ! 

iis connected in pin upward direction. Tb|e opposmg end of the lever pivots in a downward f 

Erection 66. The spring 46 is positioned between the button 32 and the base 40 and | 

: compresses wh^ tiie button 32 is dq)ressed to create a I 

button 32 down and pivot the p^etrating mmiW accelerator upward in a direction | 

10 opposite to &e direction 64. | 

Refdiiflg to Figures 6A and 6B hi this particular ©mbodime^ | 
. '• ■ ■ , • . .■ ■ ■ ■ . ■ - '. ' ' ^ 

the button info the position shown in Figure 5 also causes contact between a tenoinal 74 [ 

on the shaft 20 with a terai^^ 

terminals 74 and 76 iiidicates that Che button 32 has been fully depressed. With the button 
is 32 dq)ressed, the cartridge 1 2 can be rotated without interference by the penetrating 
member actuator 64. To fliis effect, the cartridge advancer subsystem 36 includes a 

pinioagear 80 and a stepper motor 82. The stepper motor 82 is secured to the lowe^ ? 
portion 46. The pinion gear 80 is secured to the stepper motor 82 and is rotated by the 

stepper motor 82. Teeth on the pinion gear 80 engage with teeth on the inner circular * i 

20 surfaice 22 of flie cartridge 12. Rotation of the pinion gear 80 causes rotation of the 

cartridge 12 about the center point thereof. Each time that the terminals 74 and 76 make ' l 

contact, the stepper motor 82 is opaated to rotate the cartridge 12 through a discrete | 
angle eqiial to an SQigular spacing fix>m a ( 
to a ceriterline of an acljacent penetrating member. A select penetrating member 18 is so \ 

25 moved over the penetrating mem&r accelerator 64, as shown in Figure 6B. Subsequent 

depressions of the button 32 will cause rotation of subsequent adjacent penetrating j 
. members 18 into a position over the penetrating member accelerator 64. \ 
The user then releases pressure from the button, as shown in Figure 7A. The force 
created by the spring 68 or other resiUent manber moves the button 32 in a downward 

30 dnection 76. the shaft 70 is pivotably secured to the leva: 62 so that the shaft 70 moves 
theendofthelever62 to which it is connected down. The opposite end of the lever 62 
pivots the penetrating membCT accelerator 64 upward in a direction 80. As shown in 
Figure 7B, an edge 82 of the penetrating member accelerator 64 breaks through a portion 
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. of flie Sterilization bairier 28 and comes in to physical contact with a lower side surface <^f 
the penebatihg memb^ 1 8. 

Referring to Figure 8A, the lUnear actuator 66 includes sq)arate advancing coils 
86A and retracting coils 86B, and a magnetizable slug 90 vnthin the coils 86A and 86B. 
. 5 The coils 86 A and 86i3 are secured to the lower porticm of aiid the slug 90 can move 
. within the coils 86A and 88B. Once the penetrating meoiber accelerator 64 is located jii 
flie ppsition shown m Figures 7A and 7B, electric cutrent is provided to tfie advancing 
• coils 86 pidy. :Thecunentintheadv2^ 
. the slug 90 according to conventional principles relating to electromagnetics. . • 
10 A bearing 91 is secured to the lev^ and the penetrating member accelerator 64 has 

a slot 92 over the bearing 91- The slot 92 aUowsforthe movement of the penetrating 
member accelerator 64 in the directibn 88 rejative to the leyer 62, so that th^ force o'eated 
on the slug moves the p^etrating member accelerator 64 in the direction 88. 

TTie spring 68 is not entirely relaxed, so that the spring 68, thrbui^ the lev(5r 62, 
15 biases the penetrating member accelerator 64 against 

penetraitihg member 18 with a force Fl . The penetrating member 18 rests against a base 
88 of the cartridge 12. An eqiial and opposing foKJe F2 i 
uppo" side surface of the penetrating member 18. 

The edge 82 of the penetrating member accelerator 64 has a much higher 
20 coefBcientoffiiction than the base 88 of the cartridge 12. The higher coefBciisEat of 
fiictioh of the edge ix)ntnbutes to a relatively high friction force F3 on the lower side 
siufaceofthe penetrating member 18. Therelativelylowcoeffierqat of friction of the 
base ,88 creates a relatively smaU friction force F4 on the iq>per side surf^^ 
. penetrating inember 1 8. A difference betv/eoi the force F3 and F4 is a resultant force that. 
25 . . accelerates the penetrating member in the direction 88 relative to the cartridge 12. The 
penetrating member is moved out of the interferraice fit illustrated in Figure 3. The bare 
penetrating membCT 1 8 is moved without the need for any engagement formations on the 
penetrating miember. Current devices, in contrast, often niake use a plastic body molded, 
onto each penetrating membea: to aid in manipxilating the penetrating members. 
30 Movementof the penetrating member 18 moves the sharpened end thereof through an 
opening 90 in a side of the lower portion 46. The sharp end 30 of tiie penetiatirfg 
member 1 8 is thereby moved from a retracted and safe position within the lower portion 
46 into a position wherein it extends out of the opening 90. Accelerated, high-speed 
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person. A blood sample can then be taken firom tbe person, typically for diabetic analysis. 

Reference is now made to Figures 9A and 9B. After the penetrating member is 
atccelerated (for example, but not lunitation, less than 25 seconds thei:eafterX the current 
S to tte accelerating coils 86A is turned ofif and die current is provided to the retracting 
coils The shig 90 moves in dn lyposite d^ 
member acceleratcn: 64. The penetrating mmnber accelerator 64 
. penetrating mmib^ into its onginal position, ie., the same as shown in Figtne.TB. 
Subsecpient dej|;n:ession of the button 
10 repetition of the process described, but with an adjacrat sterile pmetrating moiiber. 

Subsequent sterile penetrating ixiembers can so be used until aU Qie penetrating membeacs 
have been used, ie., after one con^lete revolution of the cartridge 12. fii tbis 
i^bodinient, a second revolution of ttie 

penetratiiig memb^: that have been used in a previous revolution and have become 

15 contaminated. The user can contmue tause the apparatus 14 is by opming 'the lid 48 as 
shown m Figure 1, removing the used cartridge 12, and replacing the used cfUftridge wilh 
. anO&er cartridge. • A detector (not shown) detects whenever a cartridge is removed and 
replaced with another cartridge. Such a detector may be but is not limited to an c^tical - 
sensor, im electrical ccHitact sensor, a bar code resder, or the like. 

20 Figure 1 O iUustrates the manii^ in which die electrical components may be 

fimctionallyinteicoimected for the present embod The battel^ 38 provides power 
to the cag>acitor 40 and die controll<^ 42. The tenninal 76 is connected to flie contrpllear 
42 so that the conboiler recoghizes when the button 32 is deptessed. The cajpiadtbr to. / 
provicte power (electric potential and ciutent) individually thiou^ the switches (sudi as 

25 but hbt limited to field-effect transistors) to the advancing coils 86A, retracting coils 86B 
and the stq>per motor 82. The switcfhes 44A, B, and C are all under tiie control of the 
controller 42. A memory 100 is connected to the controllCT. A set of instructions is 
stored m the memory 1 00 and is readable by the controller 42. Further functioning of the 
controller 42 in combination with the terminal 76 and the switches 44A, B, and C should 

30 be evident fiom the foregoing description. 

Figure 1 1 illustrates a configuration for another embodimeait of a cartridge having 
penetrating members. Tbe cartridge 1 12 has a corrugated configuration and a plurality of 
penetrating members 1 1 8 in grooves 124 formed in opposing sides of the cartridge 1 12. 
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Sterilization Earners 126 and 128 are attached over the penetrating members U 8 at the 

top and the pmetrating members 1 1 8 at the bottom, respectively. Such an arrangement 

provides large surfaces for att^ichment of the sterilization barriers 126 and 128^ AU the 

pendratmg members 1 18. on ttie one side are used fo^ 
S turned over and the penetrating m^bers 1 18 on the other sidis are used; Additional 

aspects of such a cartridge ax]e also discussed in Figure 

. Referring now to Figqres I2rl3, a Motion based ixiefho^ 

driving bare lancets or bare penetratinig mwbers 

enibodiment of the present invention £sclosed 
10 methods. . Mseen in Figure 12» suif^ 

member,2Q2. -Surface 203 is also physically in contact with penetrating m^ber 202. In 
• the present embodimmt of the invmtipn, surface 201 is stainless steel, penetrating 

member 202 is stainless steel, and suifice 2^ . 
"Steel.. ■ " ',. . • ■ • "• ^ . , 

15 Figure 13 illustrates one embodiment of the friction b^ 

Normal force 206 may be applied vertically to sur&ce 201 , pressing it against penetrating . 

member 202. Penetrating member 202 is there^ 

force 206 is transmitted through siuiace 201 and penetrating member 202 to^also act • 
between penetrating member 202 and surface 203. Surface 203 is held rigid or stationary 
20 with respectto a target of the launcet Using the classical static fiiction model, the 

maximiim fiictional fon:e betwem surface 201 and penetrating membe^^ . 
the Mction coefifidCTit between surface 201 and penetratbg 

the normal fp|ce between surface 201 and penetrating inember 202. In this onbodiment; 
the maximum Actional fon:e between siufa 
25- to the coefficienioffiiction between Uiesurfa 

multiplied by the normal force between the surface 203 and the penetrating member 202. 
Because fiictipn coefBcient.between surface 203 and penetrating member 202 is le^ss than 
friction coefficient between surface 201 and penetrating member 202, the interface 
between 'surface 201 and penetrating member 202 can develop a Mgber maxi^ 
' 30 fiiction force than can the interface between surface 203 and penetra^ 

Driving force as indicated by arrow 207 is appUed to surface 201 perpendicular to 
normal force 206. The sum of the forces actiag horizontally on surface 201 is the sum of " 
. driving force 207 and the.fiiction force developed. at the interface of surface 201 and 
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penetrating member 202, which acts in opposition to dri 

coefficient of fiiction between surface 203 and penetrating member 202 is less than the 

coeffidcait of fiiction between sinface 201 and penetrating m^ 

member 202 and surface 201 will remain stationary with respect, to each other and can be 
5 considered to bdiave as one piece when dnvihgfon^e 207 ji^^ 

fiictiooal force tiiat can be support^ 

pcnetratingmGmber202. Sur&i^lOlaiidpen 

one piece bec^ose the coefBdent of fiiction between sitface 20 

2i)2 i$ higjh enou|^ to ptevcait relative motion betw 
10 laoneembodiihentythec^ 

pdietratirig merpber 202 is I 

between two sur&ces of staiibless steel, while the coefSdent of fiiction b^ween surface . 

203 ancIpenetrati£iginembCT2^^ | 
* oif fiiction betweqi a surface of stainless steel a^^ \ 
15 Nonnal fc«ce206has ayalueof202Nev^ Using these vahie^ the maxirmim 

fiictional force that the interface between surface 201 and penetrating mc^bCT'202 can 

support is 1 .6 Newtons, while ttie maxinumi fiictional force thiat the intCTface between 

surface 203 and penetrating member 202 can siq>port is 0.08 Nciiwtons. tt' dnvihg fin:ce 

207 exceeds 0.08 Newtons, surface 201* and p 
20 acceleratie together with respect to surface 203. likewise, if driving foirce 207 exceeds 

1.6 Newtonsabd penetrating member 202 encounters rigid b | 

move relative to pmetratingmiembcsr 20^ | 
= Another cpndition, for exam^^ | 

iiii^b^.202 would be in the case of ^ctreme acceleration, In an embodimeii^ penetrating t 
25 . mimber 202 has a mass of 8.24 x 10-6 kg. An acceleration of 194,174 m/s? of 
; penetrating member 202 would therefore be required to exceed tiie fiictional force 

between penetrating member 202 and surface 201, coire^n^ 

19,800 Without being bound to any particular embodiment or &eory of open^^ ' 
other methods of applying fiiction base coupling may also be used. Fot example, the ■ • 
30 penetrating member 202 may be engaged by a coiq)lerusin^ 
tiie fiictional engagement with the member. 

Figure 1 4 illustrates a polytetrafluoroethylene coating on stainless steel surface 
203 in detail. It should be understood that the surface 203 may be coated with other . v 
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materials such as but not limited to Telfon® , silicon^, polymer or glass. The coating may 
cover all of the penetrating member, only the proximal portions, only the distal portions, 
only the tip, only some oilier portion, or some combination of some or all of the above. 
Fijgure 1 5 illustrates a doping df lead ^plied tQ sur&ce 201, which conforms tp 
5 penetrating mCT3ber2Q2microscopicaUy when pressed agai^ Bodi-oftihese .. 
CTibodichrats and other coated embodiments of a penetrating member may be used with 
the actuation niethods described herein. 

The shapes and configurations of sui&ce 201 and surface .102 could be some form 
other than ^owA in Figures 12-15. For example, sur&ce 201 could be the surface of a 
1 b wheel, which y/hea lotated.causes penetrating member 202 to advance or xetrapt relative 
to surface 203. Surface 201 could be coated with another ^c^ 

lea^ such as but not limited to a plastic. It could also ^ . 
but not limited to diamond dust, or giyen a surface texture to enhance the friction 
coe£5cientofsur£u:e201 withpmetrating'm Sur&ce.202couldbemadeofor 

1 5 coated with diamond, fiuorinafed ethylene propylene, perfluoroalkoxy, a copolymer of 
ethylene and tetrafluoroefhylene, a copolymer of ethylepe and chlorotrifhioroethylene, or 
any other maiterial with a coefiBcient of friction with penetrating member 202 low^ than 
that of the material used for surface 201 . 

Refexring to Figure 16^ a portion of a base plate 210 of an embckiim 

20 penetrating member cartridge is shown with a plurality of penetrating member slots 212 
disposed in a radial direction cut into a top sur&ce 214 of the baise plate. A driye memb^ 
216 is shown with a distal edge 218 disposed within one of the penetrating inembear slots 
. 212 of tiie base plate 210. The distal edge 218 of the drive member 216 is configured to 
sUde. within the penetrating member slots 212 with a rnini'Tmim of friction but with a close 

25 * fit to niiiniimze lateral movement during a lancing cycle. 

Figure 17 shows a distal portion 220 of a coated penetrating member 222 in partial 
longitudinal sectioiL The coated penetratmg member 222 has a core portion 224, a 
coating 226 and a tapered distal end portion 228. A portion of a coated drive memb^ 230 
is sliown having a coating 234 with penetrating member contact surface 236. The 

30 penetrating member contact surface 236 formis ain interface 238 with an outer surface 240 
of the coated penetrating member 222. The interface 238 has a characteristic friction 
coeffici^t that will depend in part on the choice ofmaterials for the penetrating member 
coating 226 and the drive member coating 234. If silver is used as the penetrating 
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member and drive member coating 226 and 236, this yields a fiiction coefficient of about 
1.3 to abbiit 1 .5. Oth^ materials can be used for coatings 226 and 236 to achieve the 
desired firiction coefficient For example, gold, platinum, stainless steel and other 
materials may be used for coatings 226 and 236. Itmay be desirable to use combinations 
5 of different matmals for coatings 226 and 236/ For exanople, an embodiment may 

include silver for a pen^tuig m^bor coating 226 and gold for a drive member coating. 
Some embodiments of the int^ace 238 can have Mcdon coefficients of about 1.15 to / 
about 5.0, ispe(^caUy/^ut 1.3 to about 2.0. 

&nbodiments of the penetrstting mCT)bier222 can have an outer toaiisverse 
iO dim^mon pr diameter of about 200 to about 400 micronis, specifically^ about 275 to about 
325 iindx>ns. Embodhnentsofpraetrating member 222 can have aim 
about 3Q millimeters, q^edtfically, aboi^ 15 to about 25,millimet^. Penetrating Wemb^ 
222 can be inade fibm my suiUtble high striengfh alloy sudi as but not limited to stainless 
steelorflielifeg. • 
.15 FignrelSisapafspectiveviewofalanci^^ 

invention. A penetrating membor cartridge 244 is diqK>S6d about a dtiver 246 that is 
coupled to a drive member 248 by a coi^ler rod 250. The peiietiating membea: cartridge 
244 has aplmafity of penieh:atingmemb^ slots 252 diq>osed in anufial configuration in a 
top surface 254 a base plate 256 of the penetrating member cartridge 244. The distal eads 
20 253 of the penetrating membo: slots 252 arc^ 

plate 256, A j&acturable steriUty banier 258, diown parti 

top surface 254 of base plate 256 over the plurality of p^ti^atii^ member slots 252. The 
steriUfybarri^25&i&ialsodb^ - 
order to seal ttie pqietradhg me^nber slots fiom contamination prior to. a lancing cycle. A 

25 . -.distal portion of a penetratnig member 2^2 is shown extending radially fix>m the 
penetratihg member cartridge 244 in the direction of a 

. Pigure 19 iUustrates a portion ofthe base plate 256 used with the 
242 in more detail and without sterility hmi&c 258 in place (for ease of illustration). The 
base plate 256 includes a plurality of paietrating m^b^ slots 252 which are in radial 

30 alignment with corresponding drive taember slots 266. The drive member slots 266 have 
an optional tdfkxed input codfiguration that may facilitate alignment of the drive member 
248 during downward movement into the drive member slot 266 and penetrating member 
slot 252. Penetrating member slots 252 are sized and configured to iaccept a penetrating 
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member 262 disposed therein md allow axial movement of the penetrating member 262 
. within the pmetrating member slots 252 without substantial lateral movement. 

Referring again to Figure 1 8, in use, the present embodimexit of penetrating 
member cartridge 242 is plac^ in an operational configuration with the drivor 246. A * 
5 lancing cycle is imtiated arul the drive member 248 is brou^ down, through the sterility 
barrier 258 md into a penetrating memb^ slot 252. A jpenetrating mmb^ contact 
surface of the drive monber then makes contact with an outride sur&ce of the pendiating 
rnember 262 and is driven distally toward the patientfs Snger 264 as described above witii 
. : regard to the enibodinient discussed in Figure 20. The fiictioii coefficient between the 
10 penetrating member contact sur&ce of the drive member 248 and the penetrating inember 
262 is greater than tlie fifiction coefficient between the pe^ 

interior siir&ce of the penetrating member slots 2521 As such, the drive member 248 is 
able to drive the penetrating member 262 diistally through iSie sterility barrier 258 iand into 
tiie patient's iBnger 264 without any relative movemmt or substaiitial relative movement ' 

15 between the drive inember 248 and the penetrating member 262. 

Refening to Figures 20-22, a lancing cycle sequence'is shown for a iancmg device 
242 witii andthqr.emlx)diment of a penetrating iziem^r cartridge 244 as .showh in Figures 
: 23 and 24. The base plate 256 of the penetrating member x^artndjge 242 shown in Fijgures 
23 and 24 has a plurality of penetrating monber slots 252 with top openings 268 that do 

20 not extend radially to the outer surface 260 of the base plate 256. In ttiis way, the 

penetrating member, slots 252 can be sealed mth a first sterility barrier 270 di^polsed on 
the top surface 254 of the baise plate 256 and a second sterility barrier 272 di^psed on the 
outer surfece 260 of the base plate 256. vPraetrating member outlet pprts 274 are disposed 
at flie distal ends of the penetrating mraiber slots 252. 

25 Referring again to Figure 20, the penetrating member 262 is shown in the . 

proximally retracted starting position within the penetrating meniber slot 252. The outer 
surface of the pl^etrating member 276 is in contact with the penetrating member contact 
surface 278 of the drive member 248. The fiiction coefificieait between the penetrating 
member contact surface 278 of the drive member 248 and the outer surface 276 of 

30 penetrating member 262 is greater than the friction coefficient between the penetrating 
member 262 and an interior surface 280 of the penetrating niember slots 252. A distal 
drive force as indicated by arrow 282 in Figure 10 is then applied via the drive coupler 
250 to the drive member 248 and the penetrating member is driven out of the penetrating 
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member outlet port 274 and into the patient's finger 264. A proximal retractipn force, as 
indicated by arrow 284 in Figure 22, is then ^lied to the drive member 248 md the 
pen^rating member 262 is withdrawn from the patienfs finger 264 and back into the 
penetrating member slot 252. 
5 Figures 25 and 26 illustrate an embodiment of a midtiple layer sterility barrier 258 

in the process ofbeing penetrated by a penetraidngmi^^ It should be understood 
that this barrier 258 may be adapted for use with any onbodiment of the present 
invention. 11i9steriHtybard<^ 

barrier 2158 that fitcilitates maintaining"stmlity of the penetrating member 262 as it passes 

10 througlh and exits ttie stmlily barrier 258. InPigute 25, ^e distal end 286 of die 

penetrating member 262 is applying ai) axial jforce in a distal direction against an inside 
sur&ce 238 of a first layer 290 of die stmlity barrier 238, so as to deform the first layer 
290 of the $tedUty barrier 258. the defonnatibn291 of the first layer 290 in turn i^li^ 
a distorting force to the second layer 292 of the stmlity barrier 258. The second layer of 

15 - the stmUtybarrieris configured to have a 

As such, the second layer 292 fsak prior to the first layer 290 due to Hho steain imposed on 
the first layer 290 by the distal end 286 of the penetradng m.ember 262, as shdwn in 
Figure 26. A&er the second layer 292 £dls, it then retradts fiqm the deformed portion 291 
of the first layer 290 as shown by arrows 294 in Figure 26« As long as the inside sur&ce 

20 288 and outside surface 296 of the first layer 290 are sterile prior to .feihire of the second 
layer 292, the penetrating member 262 will r^nain sterile as it passes through the first 
. layer 290 once the firi^ layer evenluaUy fs^ 
can be used for ainy of the embod^ heieiiL The multiple layer sterility * 

bani^ 258 can also include three or inore layers. 

25 . Referring to- Figures 27 and28, an embodiment of a drive member 300 coupled to 
a driv^ 302 wherem tfre drive mernber 300 inciudes a cu^ 
Sbaipened edge 306 which is configured: to cut through a steciUty b^ 
pmetrating member slot 252 during a lancing cycle in order for the drive member 300 to 
make contact with a penetrating member. An optional lock pin 308 on the cutting 

30 member 304 can be configured to engage the top surface 310 of the base plate in ord^ to 
prevent distal movement of the cutdng member 304 with the drive member 300 during a 
lanting cycle. 
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Figures 29 and 30 illustrate an embodiment of a penetrating member slot 3 16 in 
longitudinal section baying a ramped portion 318 disposed at a distal end 320 of tiie 
penetrating member slot A driye memb» 322 is shown partially disposed witbin the 
penetrating membo- slot 316. The drive member 322 has a cutting edge 324 at a distal 
. <aKl,326 thereof for cutting through a steriUty barrier 328 during a lancing cycle. Figure 

30iUustrates the cutting edge 324 cutting through the sterility barrier 328 during alancing 
. cycle with the cut SteriUty banker 32^^ 

Figures 3 1-34 iUustrate drive member slots in a base plate 330 of a p^etr 
member cartridge wherein at least a portion of the drive membier slots have a tapered 
opening which is larger in transverse dimension at a top surfece of tiie base plate than at 
tiie bottom ofthe drive member slot Figure 31 iUustrates a base plate 330 witt^ 
penetrating member slot 332 that is tq>ered at the input 334 at the top surface 336 of the 
baseplate330 alongthe entire length of 4e penetrating mOTbersto^^ 
configuration, the penetrating member slot and drive member slot (not shown) would be 
in communication and continuous along ihe entire lengfli of the slot 332. As an optional 
altaiiative, a base plate 338 as showii in Figure 32 and 33 can have a drive member slot 
340 tiiat is axially separated &om tiie corr^nding penetrating member slot 342, With 
this configuration, the drive member slot 340 can have a tapered configuration and the 
penetrating member slot 342 can have a straight walled configuration, in addition, this • 
configuration can be used for corrugated embodiments of base plates 346 as shown in 
Figure 34. hi Figure 34, a drive member 348 is disposed within a drive member slot 350. 
A penetrating member contact surface 352 is disposed on (he drive member 348. The 
contact surfece 352 has a tapwed configuration that will facilitate lateral alignment of the 
drive member 348 wifli the drive member slot 350. . 

Figures 35-37 illustrate an embodiment of a penetrating memb^ cartridge 360 and 
drive member 362 wherein the drive member 362 has contoured jaws 364 configured to 
grip a penetrating member shaft 366. In Figure 35, the drive member 362 andpenetrating 
member shaft 366 are shown in transverse cross section witii the contoured jaws 364 
disposed about flie penetrating member shaft 366. A pivotpoint 368 is disposed b^ecn 
the contoured jaws 364 and a tiered compr^on slot 370 in the drive member 362. A 
compression wedge 372 is showii disposed wiflim the tapered compression slot 370. 
Insertion of the compression wedge 372 into the cgnqrossion slot 370 as indicated by 
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anpw 374, forces die contouied jaws 364 to close about and grip the pmetradng hiCTiber 
sluift 366 as indicated by arrows 376. 

Figure 36 shows the drive membo' 362 in position about a penetrating mismber 
shaft 366 in a penetrating m^ber ^lot 378 in ttie penetrating member cartridge 360. The 
5 . drive meniber can be actuated by the meOiods discussed above with regard to <)dier drive 
member and driver dthbodiments. Figure 37 is an elevational view in longitudinai section 
of the penetrating member shaft 166 diq)osed wit^ 

The aiiows380 and 382 indicate in a general way, the path followed by ffie drive member 
362 during a lancing dycle. During a lancing cycle> the driye member comes down into 

10, die penetrating member sk>t 378 as indicated by ^ 

barrier (not shown). The contoured jaws of the drive member then clamp about the 
penetrating member ^ft 366 and move forward in a distal dinsction so ias to drive the 
penetrating member mto the skin of a patient as iiKlIc^^ 

Figures 38 and 39 show a portion of a lancing deyice 390 haSdng a Kd 392 that can 

15 be op^ed to e^qiose a penetrating member cartridge cavity 394 for removal of aused 
penetrating member cartridge 396' and insertion of a new penetrating memb^ c^lridge 
398*. Depression of button 400 in the direction indicated by arrow 402 raises the drive 
member 404 from the surface of the penetratinjg member cartridge 3^6 by virtue of lever 
action about pivot point 406. Biusing the Kd 392 iactuates the lever arm 408 in the 

20 direction indicated by arrow 410 which in turn applies a tensile force to cable 412 in the 
direction indicated by arrow 414. This action pulls the drive member back away from the 
penetrating member cartridge 396 so that the penetrating meihber cartridge 396 can be 
removed iSom the lancing device 390. A new penetrating niember cartridge 39i8 can flien 
be inserted into the lancing device 390 and the steps above reversed in order to position 

25 the drive member 404 above the penetrating member cartridge 398 in an operational . 
position. 

Figures 40 and 41 illustrate a penetrating membw cartridge 420 that has 
peiietratiiig member slots 422 on a top side 424 and a bottom side 426 of the penetrating 
ihember cartridge 420. This aUows for a penetrating membar cartridge 420 of a diameter 
30 ' D to store for use twice the nmnber of penetrating members as a one sided penetrating 
member cartridge of the same diameter D. 

Figures 42-44 illustrate end and perspective views of a penetrating niembar 
cartridge 430 having a plurality of penetrating member slots 432 formed from a 
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coiragatedsHifiu:e434oftiiepenetratingmOT^^ Penetrating members 

436 are dispose on both sides of thepenetrating A steriKfy 

bamer 438 is shown disposed over tbe penetrating membCT slots 432 in Fig^^^ 

Figures 45-48 iUustrate embodiments of a penetrating member 440 and drive 
5 mmbei^^^2 wherein the penettatiiig me^ 

p«»eMi«ginembershaft446andthedriveinember442^^ 
cor|figured to mate wi& the tpninreise 1?^^^ 

RgpiB 45 j*owaprotuberance4^ 

taperedconfigaratfon of &e tran^ 

Kgune 46 illusttates an optional kltonative embodiment wherein the protuberance 448 

hsB strait walled sides that are configured to match the straight waUed sides of the 

. .,transv^sk)t444.siiowninFigwe^^^^ Figme 47 shows a tapered protubetanee 448 that 

. is configured to leave an end gap 450 between an end of the protuberairce 448 and a 

bottpm of the transverse slot in the penetrating 

15 P»g«^4Smustrat<» a mechanism 452 to lock 

p^ebatingmtember shaft 446 that has a lever arm 454 with an optioiial b^g 45$ on 

th^ first end 458 thereof disposed within a guide slot 459 of the drive member 442. The 

Iwer arm 454 ha? a pivot point 460 disposed between the first end 458 of flie levei- arm 

454.andthe secimd end462ofthel^^ A biasing force is disposed on the ' 

second end 462 of the lever arm 454 by a spring member 464 that' is disposed between the 

second en4 462 of the lever arm 454 and a base plate 466. . The biasing force^^^^^^ 
dnectioh^iicatedby anow468 fb^ 

.driyeinembe^ 442 against t^^ o'^a^iSiffface offliepeneto and. in 

addi^fiort forces the protuberance 448 of the driye member 442 intp the transyerse stot 444 
25. of&e penetrating member shaft 446. 

Referring now to Figure 49, anothw anbodimMt of a replaceable cartridge 500 
suitable fOT housing apluraUty of individually moveable penetrating meinber8(n^^ 
... shown).winbedescribedinfurtherdetail. Although^c^^ 

chamfered outfer periphery, it shouldalso be understood that less chamfered and 
uncbamfered embodiments of the cartri^ 

embodiment of the present invention disclosed herein. The penetrating membera sKdably 
coupled to the cartridge may be a bare lancet or bare elongate member without outer 
molded part or body pieces as seen in conventional lancet. The bare design reduces cost 
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and Amplifies manufacturing of poiefrating members for use with the present invention, 
the penetrating mraibas may be rrtnictable and held within the ca^ 
not s*le to be used again. The cartridge is replaceable with a new cartridge once aU the 
pieacing membeats have been used- The lanciets or pendrating manbers may be fulty 
5 contained in the used cartridge so at to minimize the diance of p^ 

waste. 

As can be seen ih Figiro 49, flie cartridge 500 iwy fti^^ 
501 for houang a penetrating monber. In this embodiment, tiifi cavity 501 may have a 
longitudiifil op^mng 502 associated with the cavity/ the c^^ 

10 lataal opening 503 allowriglhepenei^^ 

cartridge. As setti ih Figure '49,the:outer radial piortira of the cavity - 
The uppCT portion of this naitowed area may also be ^ed or swa^ed to close the top 
portion 505 and deitoe an enclosed openi^ OptKMially, &e 

nOTOwed area 504 may retain an <^ t<^ configuration 

15 the foil over the gap is unbroken, ineventiQg the penetrating member fiomlifting vpox. 
extending upwsttd out of the cartridge. Tlie narrowed portion 504 may act as abearing 
and/orguidc for the poietrating member. Figure 51 shows, that ttie op^jing 506 may have 
a variety of shapes sudi as but not Binited to, ciic^ 

square, or combinations of any or all of the previous shapes. Openings 507 (^wn in 

20 phantom) for othermicrofluidics, c:apinary tubes, orlhe like may 

the immediate vicinity of the opening 506. hi some optional embodiments, such opening 
507 may be configured to sinnround ^ openiiig 506 m a ccHicOTtric or other^ 

Referring now to Figure 52, ie underadd of a cartridge 500 wi^^ 
further detail. This figures stoWs many featiies on one cartridge 500. It islx>uld be 

25 mderetood that a cartridge may include some/ none, or aU of tti^fealures, but fl^ 
shown in Figure 52 for ease of illustration. The und«arside miay mclude indaitations or 
holes 510 close to the inner periphery for purpose of properly positioning the cartridge to 
engage a penetrating member gripper and/or to aliow ari advancing device (shown in 
Figure 56B and 56C) to rotate the cartridge 500. Indentations or holes 51 1 may ^ . 

30 formed along various locations on the underside of cartridge 500 and may assume variotis 
shapes such as but not limited to, circular, rectangular, triangular, hexagonal, square, or 
combmations of any or all of the previous shapes. Notches 512 may also be formed along 
the inner surface of the cartridge 500 to assist in alignment and/or rotation of the 
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cartridge. It should be understood.of corns? that some of these featwes may also be 
placed on the topside of the cartridge in areas not oca^ied by cavities 501 that house the 
penetrating manbers. Notches 513 may also be inco^wrated along the outer periphety of 
thecarlridge. Tl^notfAes 513 may be used to gather excess material fiom the ^ 
5 barier28(nolshown)thatmaybeusedtocovert^^ 
thepresent embiidiment, tto ca^ 

aroundtheoutsidd WeMingafoiltypesterilitybai^^ 

folds beca^ pf U» diange in (he sfoGxes which is now at 45 degrees. This creates 
excas material The grooves or notches 513 are there as a lo<iatipn for that excess 
0 materid. Placingthefoad 

material aoiois the 45 degree angled surface. Although in this anbodiment the surfece is 
diowii to be at 45 degrees Jt should beun^ 
For ieai^mpK the sui^e 1^^^ 

relative to horizontaT. In some embodiments, the surfaccTnay be squared off TTbe 
suificemaybeunchamfered: niesurfacemay also !» a curved surface or itmaybe 
. combiitotionsbfayarietyofangl«lsurfa^ 
contbiniation of sooie or all of the above. 

, Refemhg now to Figures 53-54. the sequence in whi^^ 
indexed pd penetrating members are actuated will now be described. It s^^ 
understood that some steps described herein may be combined or taken out of orfer 
without dqiarting from the spirit of the invention. Thfcse Sequence of steps provides 
vertical and horizontal movement used with the present ^bodiment to load a penetrating : 
member oato ihe driver. 

. As previously discussed, 

Witt a foii coVer or other staile endosure inateria to mam^^ 

. the time of use. Li the present embodiment penetrating members are released from their 
sterile^viromnentsjustpriorfoactuation and are loaded ontoal^^^ . 
use. Reieasmg the penetrating member tatte sterile enviiohm^^^ 
■ aDows the penetrating member in the present embodiment to be actuated Without having 
to pierce aay sterile enclosure material which may dull tte tip of the penetrating rncmber 
or place contaminants on the member as it fravels towards a target tissue. A variety of 
methods may be used accomplish this goal. 
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Figure 53 A shows one embodiment of penetrating tnemb^ release device, which 
in tibis embodiment is a punch plate 520 fliat is showii in a see-fhrough depiction for ease 
of ilhistratidn. The punch plate 520 may include a first portion 521 for piercing stoile 
mateciiail covering the longpltodinal opening 502 and a second poiticm 522 for piercing 
5 material covering the lateral openm 

. gripper to pass through the.punch plate 520 mdea^ 
the cartridge SOOi The secoiid portion 522 of the pm 
banier angjed at about a 45 d^ree slope.' 6 

varied. Hie punch portion 522 first contacts the r^ of (he fiont pocket sterility banier 
to and as it goes.dbwn» the cracks runs down each side and fiiebaiiri^ is pressed down to the 
bottom offhefiront cavity. The rear edgc^ofthe barrier first contacted by the punch 
portion 522. is broken off and ttue barrier is pressed down, substantially cleared out of die 
way. Th^e featuriBs may be more clearly seen in Figure 53B. Tfiie punch plortion 521 may 
include a bliade .portion.down the centerlme. . As the punch com<^ down,, that blade may. 
15 . be aligned with the crater of the cavity, cuttmg &e sterility barrier into tvfo pieces: The 
wider pait of die pmidi 521 then pushes doWn on the b^ er so the they align parallel to 
the sides of the cavity. This creates a complete and clear patti for the gripper throughout 
the lohgitudinial opening of die cavity. Additionally, as seen in Figure 53B and 54A, a 
plur^ty of {xrotrcision 524 ace positioned to engage a cam (Figure 55A) which sequences 
20 the punchiog aiid other vertical movement of punch plate 520 and cartridge pu^er 525. 
The drive shaft 526 fi^ a force generator (not shovm) which is used to actuate the 
penetrating mCTiber 527.. 

Ref<»iing now to Figures S4A-P; the rclease smd loading 
niemb^ are achi^sved in die f6llowing sequence. Figure 54A shows the release and 

25 loading mechanism in rest state with a dirty bare penetrating member 527 held in a 
penetnrting m^ber gripper 530. This is the condition of iQie device between lancing 
events. When the time comes for the patient to initiate another lancing event, the used 
penetrating raCTiber is cleared and a new penetrating in^ber is loaded, just prior to the 
actual lancing event The patient begins the loading of a new penetrating member by 

30 operating a setting lever or slida^ to initiate die process. The settmg lever may operate 
mechanically to rotate a cam (see Figure 55A) that moves the punch plate 520 and 
cartridge pusher 525. A variety of mechanisms can be used to link the slider to cause 
rotation of the cartridge. In other embodiments, a stepper motor or other mover such as 
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but not limited to, a pneumatic actuator, hydraulic surtuator, or the like are used to drive 
the loading sequence. 

Hgure!^4& shows one embocUm^ot.of penetratmg member grippe 530 in moie 
detaiii The p^etrating m^ber gripper 530 may be in die foim of a tuning fodc with 
5 shaip edges along the inside of the legs contacting the penetratinjg member* hi some 
embodiments, the penetratii^ member may be hotdiedy .recess^ 
receive the peneliatmg member gripper. As die gripper 530 is pushed down on (he 
pdietaating member, flie legs are ^read open elastically to create a Motional grip with the 
pmetrating member such as but not limited to bare elongate wires i^rithout attachm^ts 
. . 10 molded or otherwise attached thereon. In some embodiments^ the penetrating member is 
made of ai homograpiis material without any additional attachments that are molded, 
adh^eid, glued or otherwise add^ onto the pene^ 

In spipe ^bodiments, the gripper 530 may cut into the sides of the ptanetrating 
member* The penetrating cnember iri one embpdiniOTt may be about 300 microns wide. 
15 The gjooves that form in the side of the penetrating member by the knife edges are on the 
:ordier of about 5-10 microns deep and are quite small; In this particular embodiment^ the 
knife edges allo^V the apparatus to use ai small inseirtion force to get the gripper onto the 
•penetrating meinber, compared to the force to remove the penetrating member from ihe 
gripp^ the longitudinal axis of an elongate penetrating member. Thus, the risk of a 
20 praetrating member being detached during actuation are reduced. The gripper 5i30 imay 
be made of a variety of materials such as, but not limited to high strength caibon steel that 
is heat treated to increased hardness, ceramic, substrates with diamond coating, compositie 
reinforced pla^c, elastomer, polymer, and sintered metals; Additionally, the steel may • 
be sur&ce trestted. The gripper 130 may have high gripping force with low friction drag 
25 on solenoid or other driver. 

As seen in Figure 54C; the sequence begins with punch plate 520 being pushed 
down< This resi^lts in the opening of the next sterile cavity 532. In some embodiment, 
this movoiient of punch plate 520 may also result in the crimping of the dirty penetrating 
member to prevent it from being used again. This crimping may result from a protrusion 
30 on the punch plate bending the penetrating member or pushing the penetrating member 
. into a groove in the cartridge that hold the praetrating member in place through an 
interference fit As seen in Figures 53B and 54C, the punch plate 520 has a protrusion or 
punch shaped to penetrate a longitudinal opening 502 and a lateral opening 503 on the 
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cartridge. The first portion 521 of the pimch that opens cavity 532 is shaped to fiist 
pien:e the sterility barrier ai4 then push» compresses, ^ 

enclosure material towards the sides of the longitudinai opening 502. The second portion 

522 of the punch pushes doimi the steriUty bani^ at late^ 
5 member exit 503 such that the penetrating mraiberdoe^ 

is actuated toward a tissue site. 

Referring now to Figure SAD, the cartridge piusher 525 is engaged by the cam 550 

(not shown) aad begms to push down on the cartridge 500. The punch plate 520 may also 

travel downward with the cartridge 500 until it is pushed down to it maxinumi downward 
10 poation; while, the penetrating member gri^ This . 

joint downward motion away from the p^etrking mei^ 

penetrating member from the gripper. The punch plate 520 essentially pushes against the 
penetrating member with protrusion 534 jPPigure 5 S A)^ holding the penetrating member 
widi the cartridge, 'while tiie cartridge 500 and the pun<^ plate 520 is lowered away fioin 

15 the penetrating member gripper 530 which in this embodiment remains vertically 

' stationary; This causes the stripping of the used penetrating member' from the jgiipper 530 
(Figure 45D) as the cartridge mo ves reliative to the g^ 

At this point as seen in Figure 54E, the punch plate 520 retoractss i^pwaid and ttie 
cartridge 500 is pushed frilly down, clear of the grq>per 530. Now cleared of obstructions 

20 and in a rotatable position, the cartridge 500 increments one pocket or cavity in the 
• direction that brings the newly released, sterile penetrating member in cavity 532 into 
alignment with the penetrating m^ber gripper 530, as see in Figure 54F. ITie iX)tation of 
the cartridge occurs due to fingei^ engaging the hol^ 
cartoidge, as seen in Figure 54A la some anbodiments, th 

25 pass completely through cartridge 500. In oth^ embodimoits, these indentations are 
holes passing completely through. The cartridge has a plurality of Uttle indentations 533 
on the top surface near the center of the cartridge, along the inside diameter. In the one 
embodiment, the sterility barrier is cut short so as not to cover these plurality, of 
ind^tations 533. It should be understood of course that these holes may be located on 

30. bottom, side or other accessible surface. These indentations 533 have two purposes. The 
apparatus may have one or a plurality of locator pins, static pins, or other keying feature 
that dos not move. In this embodiment, the cartridge will only set down into positions 
where the gripper 530 is gripping the penetrating member. To index the cassette, the 
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cartridge is lifted off those pins or other keyed feature, rotated around, and dropped onto 
those pins for the next position. The rotating device is through the use of two fingers: one 
is a static pawl and the other one is a sliding fingen They engage with the holes 533. The 
fingers are driven by a slider that may be automatically actuated or actuated by the user. 

. 5 This ihaybe occur mechanically or through elecfric or other powered devices. HaUway 
throughthestroke, a fingor may engage and rotate around the cartri A more 
complete description can be found with text associated with* Figures 56B-56C. 

Refearrihg now to Figure 54G^ wit^ 
the i^artridge 500 is released as indicated by arrows 540 and brpii^t back ihto cbntact 

10 with the penetrating member gripper 530. The new penetrating memW 541 is inserted* 
into the gripper 530, and the c^paratus is ready to fire once ag After launch and in 
between lancing events for the present embodimrat, the bare lancet or penetrating 
. mdnber 541 is held in place by gripper 530, preventing the penetrating itnember &om 
acddentally protruding or sliding out of die ca^ 
■ 15 Itishoidd beunderstoodofcourse, that variations can be added to the a^ 

embodiment without departiag from the spirit of the inventioiu For ex^amjple, the 
penetrating inember 541 may be placed in a paiked position in the cartridge 500 prior to • 
laipich. As seen in Figure 55A, the pienetratihg member ma;y be held by a narrowed . 
portion 542 of the cartridge, creating an interfer^ce fit which pinches ftie proximal .end 

20 • of the penetrating memberl Friction fix>m the molding or cartridge holds ^e penetrating 
member during rest, preventing the penetrating inember firom sliding back and forth. Of 
course, other methods of holding the penetrating mem^ As seen in 

Figure 55B prior to launch, the penetratmg inember gripper 530 may pull the penetrating 
mOTber Ml but of the portion 542. The penetrating member 541 may re^^ 

. 25 ' portion itntil actuated by the solenoid or other force generator coupled to the penetrating 
member gripper. A cam surface 544 may be used to pull the penetrating member out of 
the portion 542. This mechanical cam surface may be coupled to tiie mechanical slider 
driven by the patient, which iriay be considered a sq>arate force generator: Thus, energy 
fifom the patient extracts the penetrating memb^ and this reduces the drain on the 

30 device's Kattery if the solenoid or electric driver were to piiU out the penetrating member. 
The penetrating inember may be moved forward a small distance (on the order of about 1 
mm or less) firom its paorked position to pull the penetrating member firom the rest position 
gripper. After penetrating tissue, the penetrating member maybe returned to the cartridge 
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and eyentuaily placed into die padced pbsitioa. This may also pccur^ dioug^ not 
nec^saiily, through force provided by fhep^ent la one embodiment, the placing of ttle 
lancet into tibe parked position does not bccur until the process for loading a new . 
praetrating member is initiated by the patient b& other embodiments, the pulling out of 

5 the parked position occurs in the same motion as the The 
. return into Ae parked positioji may also be jconsidered a continuous motion. 
Figure S5A also shows one eitibodim 
coordinate die.motion of the punch plate.520. For example, c^m 550 in tiiis (Embodiment 
is circular and engages the protrusions 524 oii the punch plate 520 arid ttie cartridge 

10 pusher 525. Figure 55A also imore clearly shows protrusion 534 which helps to^ 
penetrating member in the cartridge 500 wMle the penetrating memb 
away from the member, relatively speaking. A ratch^ surface 552 that rbtate^ with tiie 
earn 550 may be used to prevent the cam from rotatmg backwards. The ihdsiiig arid lower 
of cartridge 500 and punch plate 50 used to Joad/unload praetr^ 

1 5 mechanically actuated by a variety of cam surfaces, springs, or the like as may be 
determined by one sidlled in the art. Some em 

magnetic device to p erfonh the loading, unloading, and release of bare p^etrating 
members. Although the punch plate 520 is shovm to be punching doWnw 
remove, or move the foil or other sterile envirorraient enclosure, it shoidd be understood 
20 that oflier methods such as but hot limited to stripping, pulling, tearing^ or some 

combination of one or more of these methods may be used to remove the foil or sterile 
enclosure. For example, m othk embodiments, the puhc 

unda^deofthe cartridge and punch iqpwanL fii other embodimtots, the cartridge may * 
ronain vertically stationary while other parts such as but not limited to the penetrating 
25 member gripper and punch plate move to load a sterile penetrating monber oh to the 

penetrating member gripper^ 

Figure 55B also shows other feahires that niay be inchided in the pres^ 

q)paratus. A fire button 560 may be included for the user to actuate the penetrating 
member. A front md interface 561 may be included to allow a patient to seat their finger 
30 or otiier target tissue for lancing. The interface 561 maybe removable to be cleaned or 
replaced. Avisuajdisplay562maybeincludedto show device status, lancing 
performance, error reports, or the like to the patient 
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RefeiTing now to Figure 56A, a mechanical slider 564 used by the patioit to load 
new penetrating monber may also be incorporated on th^ 

also be coupled to activate an LO> or visual displ^^ In addition 

to providing a source of eni^gy to index tiie cartridge, the slider 564 may also switch die 
5. electronics to start the display. The user may use the disphy to select the depth of 
or other feature. The display may go back.to sleep again tmtil it is activated ^ain by 
mofionofthe slider 564. Th^imdioside the housing 566 rnay also be^l^ 
removable to allow the insertion of cartridge 500 into the device. The cartridge 500 may 
be inserted using technology current used for insertion of a compact disc or other disc 

10 into a compact disc player* In one .embodiineqt, there may be a tr^y which is deployed 
outward to receive or to remoye a cartridge. The tray may be withdrawn into the 
aH)aratus where it may be elevated, lowered, or otherwise traiiq)orted into position for 
• use Witt the penetratmg member driver, hi otter embodiments, the apparatus may have a 
slot into which tte cartridge is partially insertfcd at which point a mechanical ^paratus 

15 will assist in completing insertion of tte cartridge and load the cartridge into proper 
position mside the appa^ Such device is akin to.tte type ofcompactdsc player 
found on automobiles. The insertions/ejection and loading apparatus of these compact 
disc players uses gears, pulleys, cables, trays, and/or other parts ttat may be adapted for 
.. use witt the present invention. ■ 

20. Refening now to Figure 56B, a moire detailed view of one embodimait of tte . 

slider 564 is provided. In this embodiinent, tte slider 564 will move initially as indicated 
by arrow 567. To complete tte cycle, tte patient will return tte slider to its home 
position or prigirid starting position as indicated 

569 which moves witt tte sUder to inotate the cam 55Q and engage portions 522. The 
. 25 motion of tte slider 564 is also mechanically coiq)led to a finger 570 which engage tte 
indentations 571 on cartridge 500. The finger 570 is synchronized to rotate tte cartridge 
5O0 by pulling as indicated by arrow 572 m the same plane as tte cartridge. It should be 
nnderstobd ttat in some embodimaits, tte finger 570 pushes instead of pulls to rotate tte 
cartridge in tte correct direction^ The ftiger 570 may also be adapted to engage ratchet 
30 surfaces 706 as seen in Figure 66 to rotate a cartridge. The fingdr 570 may also 

incorporate vertical motion to Coordinate witt tte rising and lowering of tte cartridge 
500. The motion of finger 570 may also be powered by electric actuators such ias but not 
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limited to a stepper motor or other device useful for achieving motioiL Figure 56B also 
shows a portion of the encoder 573 used in position sensing. 

Refening now to Figure 56C, a stiU 
shown. The arm 56? moves to ^gage portion 522 as indicated by airow 575 and tins 
5 causes the cam 550 to rotate as indicated by anow 577. In this particular embodiment, 
the cam 550 rotates about 1/8 of an rotation Whenflie 
sUder 564 is retup to its home or stsul ^ 

Tte movement of the slider also allows die cam surfice 544 to rotate ibout pivot point 
579.' A resilient member 580 may be coiq)led to ffie cam sixr&ce 544 to cause it to rotate 
10 i^unt^locldvise when the ^ 569 moves in The pin 580 

wiU remain in <x>ntabt with th&a^ 

582 will contact the pin 583 cb. flie grippeF block 5S4 and pull the pin 583 back to paik a 
penetratiitg monber into a 'coiq>ling or narrowed portion 542 of die cartridge 500 as seen 
in Figure55A. As ae ^569kbrpug^back 
. 15 . rotates back and a secobd sur&ce 586 fihat rotates clodcwise and pushes the penetratmg 
member fixwBxd tb be released fitim ttle narrowed portion 542 Resulting in a position as 
seen in Figure 55B, It should b6 understood that in some embodiments, the release and/or 
paddng of lancet fibm pbrticm 542 inay be powered by the driver 588 withoiit using die 
meobanicaL assistance fiom cam surfiice 544. 

20 • b mother, e^bodim^ of the'carkid^ 

included on the cartridge so ttiat fh^ is only one way to load it into the apparatus. As a 
.nonlimiting example, in one ^bbdioieat holding 50 peiietrating membm, die cartridge 
may have 51 pocketls oir cavities: Tlie 51'* pocket will jgb mto the iSring position the 
_ dbvice is loaded; flini§ ptovi^^ a location for die gripper to rest in the cartridge withoiit . 

25 . relea^g a penetrating merhber ixm a sterile eiavironment The gripper 530 in that 
" zeroth position is inside the pocket or cavity and dmt is t^^ 
may be ctapty. Of course, some enibodiments may have the gripper 530 positioned to 
grip a penetrating mradier as the cartridge 500 is loaded into the device, with the patient 
lancing theixiselyes soon afterwards so that the penetrating member is not contaminated 

30 : due to prolonged exposure outside the stmle enclosure. That zeroth position may be the 
start and finish position. The cartridge may also be notched to engaged a protrusion on 
the apparatus, thus also providing a method for allowing the penetrating member to 
loaded or unloaded only in one orientation. Essentially, the cartridge 500 may be keyed 
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or slotted ia association with the apparatus so that the cartridge 500 can only .bp inserted 
orremovedatoneorientation. For exaniple as sera in Figure 56D, the cartridge 592 may 
have a keyed slot 593 that match^ the outline of a protnadon 594 such that the cartridge 
592 inay only be nanoycd upon alignment of the slot 593 and protrusion 594 upon at the 
start or eiid positions. It should be undenrtbod that other te^ 

and &e slot or key may be located on an outer periphery or other location on the cartridge 
592 in manner usefol for allowing insertion or removal of the cartridge ftom only one .or a 
. $^ect number of (oiehtatioiis. 

Refening now to Figure 57, a: cross-section of another 

(WO housing apenetiatiiig member is shown. The cavity 600 may include a dqwession 

602 for aUowing the gripi^. 530 to penetrate suffidently deeply into the cavity to 

fiictiohaUy engage ttiepe^etratrng member 541. The penetrating member may also be 
. housed in a groow 604 tfaathoids the penetrating^ 

actuatimh The penehatiiig member 

actuatifon and exits throi^ opening 505. 

. ^®f^g'»wtoFigure58,anothervariationon1hes^ 
present mveotion Will now be described. Figure 58 shows a lancing syrtem 610 Wherein 

the penetrating members have their shaipened tip pointed radially inward. The finger or 
other tissue of the patient is inserted through tbs center hole 611 to be pierced by the 
member 612. The penetrating member gripper 530 coupled to drive force generator 613 
operate in substantiaUy the same maimer as described in Figure 54A-G. The punch 
portions 521 and 522 operate in substantially die samemannef to release the penetoating 
membera fiom flie sterile eiiclo^. The punch portion 522 may be placed On the inner 
periphay of the devici wheie" 
enclosure materia ls (Cleared out Of the path 

Refeimg now to Figure 59, a still further vOTaUon rai 
according to the pieseal invention will now be described, in the embodiments shown in 
Fiip|res 53-54. the i^netrating mdnber gripper 530 approaches the penetrating member 
fiom ibove and at least aportion of the drive system is locked in a differenti)lane from 
that of the cartridge 500. Figure 59 shows an embodiment where the penetrating member 
driver 620 is in substantiaUy the same plane as the penetrating member 622. The coupler 
624 engages a bent or L shaped portion 626 of the member 622. The cartridge 628 can 
rotateto engage a new penetrating member with the coupler 624 without having to move 
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the cartridge or coupler vertically. The next peaetrating memher rotates into position in 
the slot provided by (he coupler 624. A nanowed portion of the cartridjge acts as a 
penetrating member guide 630 near the distal end of the penetrating membo^ to align the 
penetrating monber.as it exits the cartridge. 
5 TTiecoiqi)ler624maycomeinavOTetybfc^ For exanq)le. Figure 

60A shows a c6iQ)ler 632 wldch can engage a penetrating member 633 that does not have 
a brat or .Lrsh2?)ed portion. A radial cartridge.carryingisudi a penetrating mra 
may rotate to slide penetrating member into ttle grpove.634 of the coupler 632. Figure 
60B is a fix)nt view showing th^ the coxsplet 632 may include a tapered portion 636 to 
1 0 guide the penetrating member 633 into ttie slot 634. Figure 60C shows an CTibodiment of 
the driver 620 using a coupler 637 having a slot 638 for receiving a T-shaped penetrating 
member. The coupW 637 may further include a protrusion 639 tihat may be guided in an 
ovediead slot to maintain aligxmient of the drive shaft during actuation. 

Referring now to Figure 61, a cartridge 640 for use with an in-^plane driver 620 is 
15 shown. The cartridge 640 includes an en^ty slot 642 that allows the cartridge to be 
placed in position witii the driver 620. In tMs em^ 

coupler 644 to be positioned to engage an unused penetrating member 645 that may be 
rotiated into position as shown by arrow 646. As seen in Figure 61. the cartridge 640 may 
also be designed so that only the portion of tiie penetrating membar that needs to remain 
20 sterile (i.e. the portions that may actually be penetrating into tissue) are enclosed. As seen 
in Figure 61, a proximal portion 647 of the penetrating memb^- is exposed. This exposed 
proximal portion may be about 70% of tiie penetrating member. In other embodimmts it 
may be between about 69% to about 5% of tiie penet 

may furtha- include, but not necessarily, sealing protrusions 648. These protrusions 648 
25 are releasably coiq)iedto the cartridge 640 and are removed fiom tiie cartridge 640 by 
remover 649 as flie cartridge rotates to plape penetrating member 645 into the position of 
the active penetrating memb^. The sterile caivironment is broken prior to actuation of ttie 
member 645 and the member does not penetrate st^e enclosure material that may dull 
the tip oftiie penetrating mraiber during actuation. A firacturable seal material 650 may 
30 be applied to the member to seal against an inner peripheral portion of the cartridge. 

Referring now to Figure 62, a still further embodiment of a cartridge for use with 
the present invention will be described. This cartaidge 652 includes a tapered portion 654 
for allowing the coupler 655 to enter tiie cavity 656. A narrowed portion 657 guides Oie 
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penetrating member 658. The coupler 655 may haVe, but does not necessarily have, 
HM^vablejaws 659 thfrt engage to grip the penetratmgmem^ AUowingthe coi^ler 
to enter the cavity 656 allows the sfligmnent of flie penelrating member to be better 
maintained during actuation, this tapered portion 654 may be adapted for use with any 
embodhneot of die cartridge disclosed hoein. 

Refemng now to Figur^ 63, a linear cartridge 660 f«^ 
invention will be described. Althougjhthepresent inveirtion lm been shown in use wit^ 
radial cartridges, die lancing system may be ad^ted fi^ 

sl^es. Figures 79-83 show other cartridges of varying shapes adaptable for use with the 
present invention. Figure 63 ilhistrates a cartridge 660 with pnlya portion 662 providing 
sterile protection for the penetrating members. The cartridge 660, however, provides a 
b?se 664 on which a penetrating member 665 can rest This provides a level of protection 
of Ihe penetratiog member during handling. The base 664 may also be shaped to provide 
slots 6(^ m which a pcMtrating member 667 may be helA^^T^^ 
ad^tedtd haveataperBdportion 668. These configuratipnsBiay be ad^ted fpr use with 
any of Ae qmbodimaits disclosed he . 

Refening how to Figures 64A-64C; a variety of diffttent devices^^a^ 
releasing the sterili^ sedl covering a lateral opening 503 oil flie cartridge 500. Figure 

64A diows a rot^g pimch device 670 that has prohTisions 672 tiwt punch orit^^ffi^ 
sterility barrier creating opemngs 674 fiom which a penetrating member can exit without ' 
touchins the steriKtybanier material Figure 64B shows a vertically rotating device 676 
with shaped protrusions 678 that punch down die steriKty barrier 679 as it is rotated to be 
m die active^ firing position. Hgure 64C sho^ a pundi 680 which is.positiohed to pun«A 
out batner 6K when the cartridge is lowered onto die punch. The cartridge is rotated and 
die pundi 680 rotates vadi die carhidge. After die cartridge is rotated to 
position and lifted iq). die punch 680 is spring loaded or odienvise configured to return to 
die position to engage die sterility barrier covering die next unused penetrating member. 

Refeiring now to Figure 65A-65B, anodier type of pubch mechanism for use widi- 
a punch plate 520 will now be described. The device shown in Figures 53-54 shows a 
mechanismdiat first punches and dien rotates or indexes die released penetrating member 
into position. In dus present embodiment, die cartridge is rotated fust and then die 
gripper and punch may move down simultaneously. Figure 65A shows one embodiment 
of a punch 685 having a fust portion 686 and a second portion 687. As seen in cross- 
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sectional view of Hgure 65B, the penetrating member gripper 690 is located inside the 
piinch 685. Thus the penetrating of tihe sterility banier is integrated into the step of . 
engaj^g the pm^rating member with the gnpper 690. The pundi 685 may include a slot 
692 allowing a ik>rtion 694 of the gripper 690 to extend upward A lateral opdoing 695 is 
5 . provided fix^mwiuch a penetrating member miay exit In some embodiments, the punch 
porticm 687 is not included witii punch 686; instead ]:elyihg on some other mephaiumi 
such as &ose shown in Figures 64 A-64C to press d^ ' 
lateral opening 503. 

Refeiring now to Figures 66, a stin fiu^ 
10 the present imvention . will be desc^ Hguie 66 shoy^ a cartridge 700 wi& 

ofcavities 702 and individual deflectable portions or fi^ llieends^offhe 
protective cavities 702 may be divided ihtb individual fingers (imdi as on6 for each 
cavity) on the outer periphery of the diisc. Each finger 704 inay be individually s^ed . 
with a foil cover (not shown for ease of illustration) to maintain sterility until tlie time of 

* 15 ilse. jyongifhe inner periphery ofthe cartridge 700 are raised step^ 

a ratchet type mechanisuL As seen in Figure*67, a penetrating member 708 miay be 
housed m each cavity. The penetrating member may rest on a ri^ 
narrowed portion 712 pinches the proximal portions of the penetration member 708. 
Each cavity may include a wall portion 714 into which the penetrating member 708 miay 
2Q be driven after the penetrating member has been used. Figure 68 shows the poietr^ting 
member gripper 71 6 lowored to engage a penetrating member 708. For ease of 
illustration, a sterility barrier covering each of the caViti^ is not shown. 

Refenring now to Figures 69X-^^ 
penetrating niember in a cartridge 700 will be described- It should be imdeisfood that in 

. 25 other embodiments, steps may be combined or reduced without dq)aitmg 6dm the sprit 
of the present invention. The last penetrating member to be iisedrnay be left in 'a 
retracted position, captured by a gripper 716. The end of the protective cavity 704 may 
be deflected downward by the previous actuation. The user may operate a mechanism 
siich as but not limited to a thumbwheel, lever, crank, slider, etc . , .that advances a new 
30 penetrating member 720 into launch position as seen in Figure 69 A. The mechanisni lifts 
a bar that allows the protective cavity to return to its original position in the plane of the 
disc. 
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In this embodiment M sho\ra in Figure 69B, the penetr?fe 
pusses througji fofl in rear of pocket to 'lionie^ penetrating member and control vertical 
clearajace. For ease of iUustration, abtuation devices for moving the penetrating member 
gmdp 722 and otto medianisms ariB not They my teq)rings, cams, or other 

devices that can 16WCT and move the compoarats she In some 

embodinients, the cartridge 700 may be raised or lowered to eogsige the penetrating 
■ member guide 722 and other devices. 

seen in FigiTO 69C, tte plough w ste^ 
iowOTcd to engage Ae cartidgp 700, some OTbodimenls, ie disc or cartridge 700 
may raised pairt way upward until a plo^gih or plow blade 724 pierces the sterility barrier 
72i6ydiich maybe a foil .covering. . 

Referring now U> Figure.69D, the plpugh 724 clears foil fiom fiont of pocket and 
leaves it attached to caxtridge 700. The pteugh 724 fa driven radially inward, cjut^^ 
,<^thesteriUtybairiwandrtiliiigtte p^j, 

aaturaHy curls over snid forms ti^ cdl when plough lead angle is around 55degs to 

horizontals If4mg|eoftheplpuiJima^ 

55 degs; I? some embpdimCT^ the foil may be removed 

penetrating member does not rieed to pierce any sterile enclosure materials during launch. 

Refening now to Figure 69B, the gripp^ 71 6 may be lowered to engage the bare 
penetrating member or piercing member '720. Optionally, the disc or cartridge 8000 may 
be raised until the penetrating member 720 is pressed finnly into the gripper 716. 
Although not shown in dieprBsait figunj, the penetrating member driver or achiator pf 
the present embodim^ may remain in Uie same horiztmtal plane as the penetrating 
member.' 

As seal in Figure 69F, a bar 730 may be pressfcd downward on ttie outer end 732 
of «ie protective cavity to deflect it so it is clear of the path of the penetratirig member. Li 
the present embodiment- the bar 730 is shaped to aUow the bare perietrating member 720 
to pass through- It should be understood that other shapes and orientations of the bar 
(such as contacting only one side or part of end 732) may be used to engage the eiid 732. 

Refining now to Figure 69G, an electrical solenoid or other electomic or feed- 
back controUable drive may actuate, the gripper 716 radiaUy outward, carrying the bare 
penetrating member 720 with it. The bare penetrating member projects fiom the 
protective case and into the skin of a finger or other tissue site that has been placed over 
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the q)erture of the actuator assembly. Suitable penetrating number drivers are described 
in c ommonly assigned, copending US, Patent Application Scr. No- 1(^127395. 
(Attorney Docket No. 38187-2551) filed April 19, 2^^ 

Referring now fo Figure 69H, the solenoid or other suitable penetrating meinber 
5 driver retracts the bare penetratmg member 720 
until the beguming of the next lancing cycla 
^ Refemng now to Figure 69I,.bar 730 may be released so 

to sin in-plane oDpfiguration wiA the 

As seen m Hgure 69J, tfie gr^er 716^m^ 
10 . radiaUy outward until the shariye^ 

outward end 732 of the cavity thus immobilizing the contaminated penetrating memb^. 

As seen in Figures 69K and 691^ the plougih 724, the grippdr 716, and penetrating 
m^ab^ guide 722 may aU be disengaged fix>in 
. O^tionaUy, it should be uiiderstood ttis^ the advaii . 
15 700 fixnn the gripper 716. The used penetralinig member, restrained by the tip embedded 
in plastic, arid by the cover foil at the op[k>dte md, is stripped firom the^gripper. The disc 
or cartridge 700 may be rotated until a new, sealed; sterile penetratii^ memb^ is in 
position under the launch iriechanism< . ' 



wo 2004/054455 



PCTAJS2003/04609S 



41 

Refemngnow to Figures 70 tod 71, oneobject for some embodiments of the 
invention is to include blood sampling and sensing oh this penetrating member actiiatioh 
device. In the present embodiment, the drive mechanism (gripper 738 and solenoid drive 
coil 739) may be used to drive a penetrating member into the skin and couple this lancing 
event to acquire the blood sample as it forms ai the surface of th^ 
CTdx>dimeQt shown in Figure 70, microfluidic moidule 740 bearing the analyte detecting 
member chemistry and detectioii device 742 (Figure 71) is couple on to the shaft of the 
penetiating monber 720. The drive cycle described abo vp may also, actuate the module 
740 so that it rests at the surface of the : 
menibar retrads from ttiie wound. The module 740 is sdlowed to remain on die surface of 
the fmger or oflxer tissue site until the gripper 738 has reached the back end 744 of the 
microfluidics module 740, at which point the module is also retracted into the casing. 
The amount of time flie module 740 ranains on the finger, in this embodiment, niay be 
varied based on the distance the end 744 is located and flie amount of time it takes the 
gripper to engage it on the withdrawal stroke. The blood filled module 740, filled while * 
the module remams on pierced tis^e site, may flien undergo analyte detection by means 
such as but not limited to optical or electrochemical sensing. 

The blood may be filled in the lumen that the penetrating men^ 
module may have S€3)arately.defined sample chambers to the side of th^ 
member hunCT./ The analyte detecting member may also be placed right at the immediate 
vidnity or slightly setback fiiom the module opening receiving blood so that low blood 
volumes will still reach the mialyte detecting member. In some embodiments, the analyte 
sensmg device and a visual display or othor int^ace may be on board the apparatus and 
thiis provide a readout of analyte levels wiftiout need to plujg apparatus cwr a test strip into 
a separate reader device. As seen in jpigure 71^ the cover 746 may also be clear fo allow 
. for light to pass through for optical, sensing. The analyte detecting member may be used 
wifli low volumes such as less than about 1 microhter of sample, preferably less than 
about 0.6 ihicrohter, more preferably less flian about 0.3 microliter, and most preferably 
jess than about 0.1 jnicroliter of sanq)le. 

In another embodiment as seen in Figure 72, sensing elements 760 may be directly 
printed or formed on the top of bottom of the penetrating member cartridge 700, 
depending on orientation. The bare penetrating meiiiber 720 is then actuated through a 
hole 762 in the plastic facing, withdrawn into the radial cavity followed by the blood 
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sfflnple. Electrochemical or optical detection for analyte sensing may then be carried out 
(Figure 72). Again the cavity 766 may have a clear portionio allow light to pass for 
optical s^ing. la one embodiment, a multipiicity of miniaturized analyte detectijig 
m^ber fields may be.placed on the floor of the radial cavity as shown in Figure 72 or on 
5 the microfluidic module diown in Figure.71 to allow many tests on a single analyte form 
a single drop of blood to improve accuracy and precision of m 

limited in this manner, additional aniilyte detecting monber fields or regions may also be 
included for cj|libration or" other puq^ 

Refening now tci Figure 73, a still finlher embodiment of a cartridge according to 

10 the present invention w^ be desoibed. Figure TS shows one embodiment of a cartridge 
800 which may be removably inserted into an apparatus for driving poietrating members 
to pi^^ sldn or tissue. The cartridge 800 has a pluraUty of penetrating niembers 802 that 
~ ' may fee individually or otiiierwise selectively actuated so that the penetrating members 802 
may extend outward frdiri the catrtridge, as indicated by arrow 804, to penetrate tissue. In 

15 the present embodiment, the cartridge 800 may be based on a flat disc with a number of 
penetrating members such as, but inno way limited to, (25, 50, 75, 100, ...) arranged 
radially on the disc or cartridge 86o. It should be understood that although the cartridge 
800 is shown as a disc or a disc-shs^ed housing, oth^ sh^es or configurations of the 
cartridge may also work without departing firom the spirit of the present invention of . 

20 placing a plurahty of penetrating members to be engaged, singly or in some combination, 
by a penetrating memba: driver. 

Each penetrating member 802 may be contained in a cavity 8Q6 m 
800 with the penetratLng m^ber's dia^pened end dicing radially outward ^nd may be in 
th(B same plane ais fliat of the cartridge. The ciavity 806 may be molded, pressed, forge<^ 

25 or otherwise formed in the cartridge. Although not limited in this mann^, the aids of the 
cavities 806 may be divided into individual fingers (such as orie for each cavity) on the 
outer periphdy of the disc.: The particular shape of each cavity 806 may be designed to 
- suit the size or shape of the penetrating member therein or the amount of space desired for 
placement of the analyte detecting members 808, For exaniple and not limitation,tthe 

30 cavity 806 may have a V-sIu^ed cross-section, a U-sb^ed cross-section, G-shaiped cross- 
section, a multi-level cross section or the other cross-sections. The opening 810 through 
which a penetrating member 802 may exit to penetrate tissue inay also have a variety of 
shs^es, such as but not limited to, a circular opening, a square or rectangular opening, a 
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U-shq)ed opening, a nairow opening that only aUows the penetrating member to pas^ an 
opening with more cleaiiance on the sides, a slit, a configuration as shpwn in Figure 75, pr 
the.otfaer shapes. . 

In this embodiment, after actimtion, the pen 

5 the cartridge and may be held within, the cartridge 800 in a manner so that it is not able to 
be used again. By way of exanqile and not limitation, a used pmetrating member may ber 
returned into the cartridge and held by the laundier in po^tion until the next lancing 
event At the time of the next lancing, the launcher may disengage tibie used p^etcaiing 
member with the cartridge 800 turned pr indexed to the next cl^^ 

10 such that the cavity holding the used penetrating member is position so that if ^ not. , ; 
accesjdble to the user(i;e. turn away fi^ In some 

embodiments, tiie tip of a used penetrating member may be driven into a protective stop 
that hold (he p^etrating member in place after us& Th^ cartridge 80O is replaceable with 
a new cartridge 800 once aA the penetrating membm have beda used or at sudi othCT 

15 tiiDtieorcondition.asdeemed.desirabtebytheuser. . 

Referring still 1o the embodiment in Figure 73, th^^ 
sterile enviioninents for penetrating members via seals, foils, covers, polymeric, or 
similar materials used to seal the cavities and provide enclosed arteas for the penetrating 
members to rest in. Li the present embodiment, a foil or seal layer 820 is iappU^ 

20 surface of the cartridge 800. the seal layer 820 may be made of a variety of materials 
such as hut not limited to a metallic foil or other seal niaterials and inay be of a ten^e 
strength and other quality fliat may provide a'sealed, sterile environment until tiieaeal. 
layer 820 is penetrate by a suitable or penetrating device providiiig U preselected or 
selected amount pf force to open the sealed, sterile envifonmenl Eadi cavity 806 may be 

25 individually sealed with a layer 820 in a mannier such that the opening of one cavity does 
not interfere with the sterility in an adjacait or other cavity in the cartridge 800; As seen 
in the embodiment of Figure 73, the seal layer 820 may be a planar material that is 
adhered to a top surface of the cartridge 800. • 

Dependihg on the orientation of the cartridge 800 in the penet^ 

30 driver apparatus, the seal layer 820 may be on the top surface, side siuface, bottom 
surface, or other positioned surface. For ease of illustration and discussion of the 
embodiment of Figure 73, the layer 820 is placed on a top surface of the cartridge 800. 
. The cavities 806 holding the penetrating members 802 are sealed on by the foil layer 820 
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may seal a pluraUty of cavities 806 or only a select number of cavities as desired. 

b a stiU finttiCT feature of Figure 73, die cart^ 
plurality of analyte; detecting members 808 on a substrate 822 yvbkh. may be attached to.a 

5 bottom sforbtie of the cartridge 8001 The substrate may be made of a material such as, but 
not limited to, a polymer, a foil, or other material suitable for attaching; to a cartridge and 
holding the analyte detedting memb^ 808. As seen in Figure 73> fbe substrate iS22 may 
hold a plurality of analyte detecting memb^ suchas but not linufed to,.about id-SO, 50- 
100, or other c^>mbinations of analyte detecting mem^ This facilitates the assembly 

10 and integration of analyte detecting members 808 with cartridge 800. Thj^ analyte. 
detecting membi^ 808 may enable an integrated body fluid sampling system where die 
penetrating members 802 create a wound tract in a target tissue, which expresses body 
fluid that flow$ into the cartridge for analyte d^ecticm by at least one of the aoalyte 
detecting members 808. The substrate 822 may contain air^number.of analyte detecting 

15 Members 808 suitable for detecting analytes in cartridge haying a plurality of cavities 
806. In one anJbodiment, many analyte detecting m^bers: 808 may be printed onto a 
single substrate 822 which is then adhered to the cartridge to ifaciiitate manufacturing and' 
simpli^ assembly. The aoalyte detecting members 808 nsayb^ 
. The analyte detecting members 808 m^iy further contain enzymes, dyes, or other detectors 

20 which react when exposed to the desired analyte. Additionatty, the analyte detectihg 
members 808 may comprise of clear optical windows that 9II6W ligjat to pass into die 
body flmd for analyte.analysis. The numb^, locatipi^ and type of analyte detecting 
member 808 may be varied as desired, based in part on the de^gn of the cartridge, 
number of and>tes to be measured, die need for analyte d^^ 

25 and the sensitivity of Ihe analyte detecting mCTibers* If the cartiidge-800 lis^ ah analyb 
detecting membcir arrangemqit where the analyte detecting menibers are oil a subsb:ate - 
attached to the bottom of the cartridge, there may be through holes (as shown in Figure 
76),. wickmg elements, c^illary tube or other devices.on tiie cartridge 800 to allow bbdy 
fluid to flow from the cartridge to die analyte detecting members 808 for analysis. In 

30 other configurations, the analyte detecting members 808 may be printed, formed, or 

otherwise located directly in the cavities housing the penetrating m^bers 802 or areas on 
the cartridge surface that receive blood after lancing. 
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The use of flie seal laycir 820 and substrate oir andyte detectipg member layer 822 
may fadlitate ttie manu&cture of these caittidges 10. For «campie, a sii^e seal layer 
«20 may be adhered, ktadved, w otherwise coupled to die cartridge 800 as indicated by 
anows 824 to sed many of the pavities $06 atone time; A sheet 822 of analyte detecting 
manbeis may also be adhered, attadiet^ or otficxwise coupled to the cartridge 800 as 
in^c^ed by allows 825 to provide many andyte detectmg mem^^ 

. «ie time.. During ihamifectuiAig of otteemb^ 
cartridge 800 may be loaded with penetrating members 802, sealed with layer 820 and a 

. temporary layer {not sbovm) oh Ae bottom where substrate 822 would later go, to provide 
a sealed eovircHmienf for the penetrating mCTabas. This assembly with the tenqwrary 
bottom layer is tten taken to be sterilized. After steriliiation, the assembly is taken to a 
dean room (or it may already be in a clear room or equivalent enviroimieBt) wh^ 
tisD^rary bottom layer is ronoved and the substrate 822 wifli analyte detecting membeis 
is coupled to the cartridge as shown in Figure 73. This process allows for the sterile 
assdnbly of the cailridge with the pemetrating memba^ 

tonperatures that may degrade the accuracy or fimctioliality of the analyte detectmg 
membras on substrate 822. As a nonlimiting example, the entire cartridge ^00 may then 
be placed in a fiirtha^ sealed container such as but not liimted 

molded cpntainer, etc. . .to facilitate contact unprove ruggedness, and/or allow for easier 
handling. 

In some embodiments, more than one seal layer 820 may be used to seal the 
cavities 806. As ©camples of some embodiments, multiple lay^s may be placed over 
each cavity 806, half or some selected portion of the cavities may be s^ed with one 
layer with the oflia- half or Seliected portion of the cavities sealed wifli anotiier sheet or 
layer, different shaped cavities may use different seal layor^ or the like. The seal layw 
820 may have different physical properties, such as ttiose covering the penetrating 
members 802 near tiie end of the cartoidge may have a different color such as but not 
limited to red to indicate to the user (if visuaUy inspectaible) that the usctis down to say 

10. 5, or othdrnumb«ofpeneliating members before tiie caitidge should be change^^ - . 
but. 

Refening how to Figures 74 and 75, one embodiment of the miCTofluidiM 
with the ahalyte detecting members 808 in cartridge 800 will now be described. For ease 
of illustration, the shape of cavity 806 has been sunptified into a simple wedge shape. It 
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should be imderstood that more.sophisticated configurations such as but not limited to 
that shown in Figure 73 may be used. Figure 74 shows a channei 826 tiiat assists in 
drawing body fluid towanls the analyte detecting niem ]bi flie present 

embodiment, two andyte detecting memb^ 8^^ . 
S purely for illustrative puipos^ as the cavity 806 may have one analyte detecting membqr 
or any other number of andyte detecting member Body fltiid entmng cayity 

806, while filling part of th€! cavity, w^^ 

groove 82iS towards die analyte detecting manbers 808. The analytedetecfing meml>ers 
808 may all p^onn the sme aoalyas, they may each perform different typ^ of analysis, 
10 or there may be some combination of the two (some soisors perform same analysis vdule 
others perfomi other analysis). 

Figure 75 shows a jperspective view of a cutout of the cavity 8%^^ 
member 802 (shown in phmtom) is housed in th^ . 
thmugh a penetrating member exit opening 830 as. indicated by arrow *32. the position 
15 of the tip of pehetratiiig member 802 may vary, such as but not limited to bemgtiear the 
: pehefeatirig member exit port or spaced ajpart from the eodt the locatipn of the t?) 

relative to the analyte detecting member 808 may also be varied, such as biit not Hmit^ 
- to being spaced apart 6t away from the analyte detecting member or collocated or in the 
irnmediate vicmity of the analyte detecting member. Fluid may then enter the cavity 806 
20 and directed by channel 826. The channel 826 as shown in Figure 75 is a groove that is 
open on top. Thechaimel826maybeentirely agroovewithanopentop oritmaylmv^ 
portion that is has a sealed top forming a lumen, or still further, the groove may be closed 
exc^t for an opening near the penetrating member exit opemng 830. It should be 
uridrakopd that c^illary action can be acM^ 
25 uncovered, in some eanbodiments, the analyte detecting member 808 is positioned close 
to the penetrating member exit dp^g 830 so that the analyte detecting member 808 
may not need a capillary groove or channel to draw body fluid, sudi as in Fi 
As seen in Figures 75 and 76, the cavity 806 may include flie substo 
' coupled to its Tjottom sinface containing the analyte detecting members 808. With the 
30 analyte detecting members 808 located on the underside of the cartridge 800 as seen in 
the embodiment of Figure 76, the cartridge 800 may include at least one tiirough hole 834 
to provide a passage for body fluid to pass from the cavity 806 to the analyte detecting 
member 8Q8. The size, location, shape, and other features of the through hole 834 may be 
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varied based on the pavity 806 and aaarber of analyte detecting membos 808 to be 
piovided. In other embodiment wicking elements or the like may be used to draw body 
fluid ftbm the groove 826 to down to the analyte detecting member 808 via the through 
hole or holes 834. 

Hefctring now to Figure 77. a variety of groove and analyte detecting member 
configuiations are shown on a single cartridge. These configurations are shown only for 
illustrative purposes and a single cartridge may hot incorporate each of these 
configurations. Some embodiments may use any ofthe detecting iriembera. singly or in . 
combination. It should be understood, however, that analyte detecting member 
configuration could be customized for eabh cavity, such as but not limited to^ ujnng a 
differ«it number and location of analyte detecting members depending lancing variables 
associated with that cavity, such as but not limited to, the time of day of the lancing event, 
the type of analyte to be measured^ the test site to be lanced, sbatumcomeurn hydration, 
of other lancing parameter. As a nonlimifing example, the detecting meinbers niay be ' 
moved closer towards the outer edge of the disc, more pn the side walls, ai^ combination, 
or the like. 

Figure 77 shows a penetratnjg member 802 in a cavity 838 with tiiree analyte 
detecting members 808 in the cavity. For ease of iUustration, the penetrating member 802 
is onutted fiom the remaining cavities so that flie analyte detecting meinber 
configurations can be more easily seen. Cavity 840 has a channel 826 with two analyte 
detecting members 808. Cavity 842 has a channel 844.coupled to a single analyte 
detectingmember 808. Cavities 846 and 848 have one and two analyte detecting 
members 808, respectively. The analyte detecting members 808 in tiiose cavities may be 
located directly at the penetrating mianbd: exit from the cartridge or sub^tially at the 
penetrating member exit. Other analyte detecting membear .confi^nations ue also 
possible, such as but not limited to, placing one pr more analyte detecting member on a 
side waU of &e cavity, placing the analyte detecting members in partiqite • 
exanple, a linear array, triangular array, square anay, ^...) im the side wall or bottom . 
surfece, using mixed types of analyte detecting members (for example, electiodtieinical 
and optical, or some other combination), or mixed positioning of malyte detecting 
members (for example, at least one analyte detecting member on the subsbate.below the 
cartridge and at least one analyte detecting member in Uie cavity). 
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Figure 78 shows an «sid>6dimeat of cartridge 800 where the analyte detecting 
memW 850 is located near the distal end of cavity The analyte detecting member 
850 may be fonhe^ depoated, or otheninse attached there to in 

- another embodiment, the analyte detecttog member 850 may be a S»eU or indentation 

- having a bottom with suffi<»eht trmsparaicy to aOaw an optical analyte dating 
member to detect analytw in fliiid dq>os^ k thfe well or faidentation. The well or 
indentation may also inchide some^yte reagent that reacts (fluorraces. changes colors, 
or presents other detectable; qualities) when body fluid is placed in the welL ftk a stiU 
finrAer embodiment, analyte detecting member 850 may be replaced with a throng hole 
thataHowflmdtopasstherethtough An analyte detectmg member 808 on a substrate 
822maybeattachedtotheundersideof the cartridge 80O, accessing fluid passmgfibm 
the cavity 806 doWn to the analyte d^tmg m 

Asmeritioned above, the analyte detecting members 808 may also be placed ri^t 
at die imnolediate vicinity or sKgtely setback from the module opening receiving blood so 
. that low blood Volumes will StiU reach file aiwlyte d 

detectmg monbers 808 may be used wifli low volumes such as less than about 1 
nucroliter pf sample; preforably less than about 0.6 microlitar, more preferably less than 
alwirt 03 micibtitw, and most preferably less dian about 0,1 .microliter of sample. 
Analyte detectiiig members 808 may aljio be direcfly printed or formed on the bottom of 
the penehating member cartridge 800, In one embodiment, a multiplicity of miniaturized 
analyte detecting member fields may be placed on the floor of flie radial cavity or on flie 
microfluidic module to allow many tests on a single analyte form a single drop of blood 
to improve accuracy and precision Of meaaaranent. Alfljou^ not limited in this mannw, 
additional analyte detecting membar fields or regions may also be inchided for calilnafion 
or other piiiposiel^. - . 

Refeninghow to Figures 79-84. iiir&er embodiments of the cartridge 800 will 
now.he described. Figure 79 shows a cartridge 860 having a half-circular sh^. Figur^ 
80 shows a cartridge 862 in the shape of a partial Curve; Figure 80 also shows that die 
cartridges 862 may be stacked in various configurations such as but not limited to " 
verticaUy, horizontally, or m other orientations. Figure 81 diows a cartridge 864 havmg a 
suljstantially straight, linear configuration. Figure 82 shows a plurality of cartridges 864 
arranged to extend radiaUy outward fiom a center 866. Each cartridge may be on a sUde 
(not diown for simplicity) that allows the cartridge 864 to sBde radially outward to be 
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aligned with a penetratbg member lamK:ber. After use, the cartridge 864 is slide back: 
towards the center 866 and the entire assembly is rotated as indicated by arrow 868 to 
bring a new cartridge 864 into position for use with a penetrating imeaiber driver. Figure 
83 shows a still further embodiment where a plurality of cartridges 800 may be stackwi 
for iise with a penetrating member driver (see Figure 85). The driver may be moved to 
align itself with each cartridge 800 or the cartridges may be moved to alight themselves 
with flie driver. Figure 84 shows a still further raibodiment where a plurality of cartridge 
864 are coiq)led together with a flc?xible support to define an array. A roller 870 may be 
used to move the cartridges 864 into position to be actuated by the penetfatjng member 
driver 872. 

Referring now to Figure 85, one embodim^mt of an apparatus 880 usin 
cartridge 800 ivith a penetrating member driver 882 is shown. A contoured surface 884 is 
located near a poietrating member exit port iB86, allowing for a patient to place their 
fing^ in position for lancing. Althoujgh not shbwn, the apparatus 880 may inchlde a 
human readable or other type of visual display to relay status to the user. The display 
may also ishow measured analyte levels or other ineasurement or feedbacjk to the user 
without the need to plug apparatus 880 or a separate test strip into a separate analyte ' 
reader device; The apparatus 880 may include a processor or other logic for actuating flie 
penetrating member or for measuring the analyte levels. The cartridge 80K) may be loaded 
into the apparatus 880 by opening a top housing of tiie apparatus which may beliiiiged or 
removably coupled to a bottom housing. The cartridge 800 may also drawn into the 
apparatus 880 usmg.a loading mechanism similar inspirit to that found on a compact disc 
player or the like. In such an embodiment, the ^paratus miay have a slot (similar to a CD 
player in an automobile) that allows for the 

apparatus 880 which is then automatically loaded into position or otiierwise seated in tire 
apparatus for operation therein. The loading mechanism may be mechaiucally powered 
or electrically powered. In some embodiments, the loading mechanism may use a loading 
tr^y in addition to the slot. The slot may be placed Wg^er on the housing so that the . 
cartridge 800 will have enough clearance to bo loaded into the device and thra drppp^ 
down over flie penetrating member driver 882. The cartridge 800 may have an mdicator 
mark or indexing device that allows the cartridge to be properly aligned by the loading 
mechanism or an aligning mechanism once the cartridge 800 is placed into the apparatus 
880. The cartridge 800 may rest on a radial platform that rotates about the penetrating 
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member driver 882. &US iTOviduig amethod for adv^^ 

peaetratiiigmembeis to engaganait with ttiepenetratmg member driver. The cartridge 
800 on its underside or other surfM», may shaped or cdntoin^ 
with notches, ^ves, tftclbr holes, optical marken^ or th^ 
and/or indexiiig of (he cartridge. These shapes or suifi^ 
mdicate that the cartridge is ateiost but of umised penetralm 

only five penetrating membert left, or some other cartridge Status indicator as desaed. . ; 

A suitable method and apparatus for loadii^ pendnitin^ membiers has be^ 
described previously in cwmnonly assigned, copending U^. patent appUcations Attorney 
Docket 38187 2589 and 38187-2590, and are included hcre.by ieference for all purposes. 
. Suitabledevicesforengagmgthepoietratingmemberssndforre^ 
nwtCTials assodated with the penetrating member cavity a^ 
assigned, copending U.S. patent applicatiom Attorney IKK^ 
2602; and ard included here by reference for aU purposes. For exan^ 
15 emb6dimdit qfFigure78, the foU or seal layer 820 may cover the c^^ 

acix)ss the cavity along a top surface 890 and down alongihe angled siaface.892 to 
pipvide a sealed, sterile eiiviipnment for the penehrating memb^ 
. miibeis therein. A piercing element described in U.S. patent applications Attorney . 
Docket 38187-2602 has a piercing elanent and then a diaped portionbehind the elemoil 
20 which pushes the foil to the sides of the cavity or other position so that the penetrating 
member 802 W be actuated and body fluid may flow into the c^^ 

Refkring now to Figure 86. a stiU fmther embodiment of a Im^^^ 

accoiding to the preset invention wiU be^ 

incorporated for use wtb apenetr^^ A penetrating membermay 

be driven outward as indicated by arrow894. A plurality of an^yte detecting members. 
arepresCTtedonaroll 895 thatislddomnMrapenetratingmemberexit. 
maybe advanced as indicated by arrow 8% so that used analyte detecting members are 
moved away from the active site. Theroll 895 may also be replaced by a disc holding a . . 
phnaKty 'of analyte detecting members, wharein the analyte dete^^ 
30 shown)isorientedinaplanesubstantiaUyoithogonaltotheplaneofcartridge500^ Ihe 
analyte detecting member disc may also be at other angles not parallel to the plm^ 

cartridge 500 so as to be able to rotate and present new, unused analyte detecting member 
in sequence with new unused penetrating members of cartridge 500. 



25 



wo 2004/054455 



PCTAJS2003/040095 



51 

Refisning now to Figure 87A, the cartridge 500 provides a high density packaging 
system for a lancing sy^tem. This fonn factor allows a patient to load a laige numb^ 
penetr^g members fliroug^ a single cartridge while maintaining ^ ?ffihstantially 
handheld device. Of course s^ch a cartridge 500 may also be used in non-hamlheld ^ 
5 devices. The present cartridge 500 provide a high test density per vohnne of the 
disposable. For embodiments of a cartridge that incto^ 

addition.to penetrating members such as cartridge 800, the density may also be measured 
. in terms ofdensity of analyte detecting memb^ and penet^ 

disposable. . In other embodiments, the density may also be expressed in terms of analyte 

.10. detectingmembersper diq>osabIe. For example, by ta^ 

embodiment or the total envelope, this number can be divided l>y the mmiber of . 
penetrating membCTS or number of tests. This result is the volume per penetrating 
member or per test in a cassetted fashioiL For example, in one embodiment of the present 
invention, the total volume of the cartridge 500 is detenam 

15 .centimeters. In this one ^bodiment, the cartridge 500 holds 50 penetrating members. 
Dividing the volume by 50, the volume! per test is arrived at 0^090 cubic centimeters. 
. : Conventional test devices such as drum is in the range of 0.720 or 0.670 cubic 

centimeters and that is simply the volume to hold a plurality of test strips, this does not 
include penetrating members as does the present embodiment 800. Thjis, the present 

20 CTibodiment is at a substantially higher density. Even a slightly lower density device 

having penetrating members and analyte detecting members in the 0.500 cubic centimeter 
range would be a vast improvement over known devices since the numbers listed above 
for known devices does not include penetratthg members, only packaging per test strip. 
Each penetrating member (or penetratmg member 

25 as the case may be ) may have a packing density, or occupied volume, in cartridge 500. 
In various embodiments, the packing d^isity or occupied volume of each penetrating 
. meniber in cartridge 500 may be no more than about 0.66 cm\ 0.05 cm^, 0.4 cm^ 0.3 . 
cm\ 0.2 cm^, 0.1 cm^ 0.075 cm\ 0.05 cm^ 0.025 cm\ 0.01 cm^, 0.090 cm^ 0.080 cm^ 
and the like. These numbers applicable to volumes for penetrating monbers alone, for 

30 combineApenetrating members and analyte detecting members, and/or just analyte 
detecting members. In othfer words, the volimie required for each penetrating member 
does npt exceed 6.66 cm*'/penetrating member, 0.05 cmVpenetratirig member, 0.4 
cm3/penetrating member, 0.3 cmVpenetrating member, 0.2 cmVpenetrating member, 0.1 
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cmVpenetrating memb^, 0:075 cm^/poietrating memW, 0^05 cmVpeaetrating mCTiber, 
0,025 cmVpenetr^g member, 0.01 on^/pen^nitiiig member, 0.090 cmVpeaetratmg 
m^ber and the like. So, if the total package volume of the cartridge is dejBned as X and 
the cartridge includes Y number of penetr^ng members, praetratmg meriibers and test : 

5 . area, or othor unit 39^, the volume for each imit does not exceed 0.66 cm^, 0.05 coo?, OA 
cam^, 6.3 cm^, 0.2 cm^ 0.1 Gm^ 0.075 cm^ 0.05 an\ 0.025 cm', 0.01 cm', 0.090 cm', • 
0.080 cin', and the like. 

Referring now to Figure 87B, a still fin^» embodiment of a cartridge accor£ng 
to the present inv»tion wiU now be described. Figure 8^ shows a cross-section of a 

10 corneal shaped cartridge with the penetratmg member bdoig orient 

to move radi^y outward as indicated by arrow 897. ]pa another onbodiment, the 
. penetratiug member may be oriented to niove radially invirard as indicated by arrow 895. 
The gripper may be positioned to engage the penetrating member firai an mner surface or 
an outer surface of die cartridge. 

15 . Refi^ng now to Figure 88, xiariowires rnay also be ui$ed to cresde low yolume 
anaiyte detecting meanbers used with the cartridge 80Q. Further details of a nanowirb 
device is described iii.commoiily assigaed, copending U.S. Provisional Patent Apjplication 
Ser. No. 60/433,286 (Attoniey Docket No. 38187-2605 

incoiporated herdn byreferaciceforallpxuposes. These nanowire anaiyte detecting 
20 members 898 may be incorporated into the cavity 806 housing the penetrating niember 
802. They may be placed on the floor or bottom surface of the cavity 806, on the wall, on 
the top surface, or any combinations of isome or all of these possibilities. The anaiyte 
detectiiig memt>ers 898 may be designed to have different sensitivity rangies so as to 
enhance the overall senritivity of an array oJF such arwlyte det Methods 
25 to achieve this may include, but are not limited to, using nanpwires of varying sizes, 
varying the number of nanowifes, or vxuying the amount of glucose oxidase b^^ 
glucose detection material on the nanowires. These nanowire anaiyte detecting membCTS 
may be designed to use low volumes of body fluid for each sample, due to their size. In 
some embodiments^ each of the aimlyte detecting membera are accunde us^ 
30 body fluid sample less than about 500 nanoliters. In some embodiments, each of the 
anaiyte detecting members are accurate using volumes of body fluid sample less than 
about 300 nanoliters. In still other embodiments, each anaiyte detecting member is 
accurate with less than about 50 nanoliters, less than about 30 nanoUters^ less than about 
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10 nanoUters^ less than about 5 nanoUteiB, and less flian about 1 nanpliters of body fluid 
sample. In some embodimmts, the a>inbined an^ 
1^ than 300 nanplit^ of body fluid to arrive at an analyte measurement 
; Refejpj^g now to Figtu-e 89^ 
5 will be described. Figure 89 shows one embodiment of an optical illumination system 
910 foe use witti optical analyte detecting members (Figure 91) that may be in contact 
with a body fluid sample. The overall system may include a plurality of analyte detecting 
manbers whidi provide some optical indicator^ a light source 912 for providing light to 
shine on the analyte detecting members, at least one light detector 914, and a processor 

10 (not shown), llie analyt^ detecting mem^ or analyte detecting members are exposed to 
a sample of the fluid of unknown coiiq>osition. A plurality of analyte detecting members 
may be arranged into an array of analyte detecting members exposed to one fluid sample, 
each group targeting a specijHe analyte and may contain an analyte-specific chemical that 
mteracts more spiaafically with one analyte than with some other analytes to be analyzed. 

15 Each analyte detecting member may also have diflFerent sensitivity ranges so as to 

maximize ovdraU sensitivity of an arrjiy of such analyte detecting members. The light 
somce 912 shiaes light on atleast one analyte detecting member to cause light 
iiiteraction. The difierences ill the analyte detecting members may lead to differmces in 
the light mteractipn. The light detector detects the light interaction by the analyte 

,20 detecting members. The processor analyzes the light interaction by the analyte detecting 
members to take into account interfermce in ligjht interaction among the analytes, thereby 
determiiiing fte concentration of the desired aiial^ 

Refening^ the eoibodiment of Figure 89, tiie lij^tsource 912 may be but is 
not linrited tb an LED. 

25 • uSventidn. Ligjit, illuminatipn, or excitation energy fiom LED 912 travels along a path 
throughapinhole 916, afilter917,andaIens918. The Ugjit then comes into contact with 
a beamsplitter 9 1 9 such as but hot limited to a dichroic mirror or other device useful for 
beamsplittuig. The light is then <?irected towards lens 920 as indicated by arrow 92 1 . The 
lens 920 fpcuses light onto the analyte detecting member (Rgure 91). This excitation 

30 energy may cause a detectable optical indicator firom the analyte detecting member. By 
way of example and not limitation, fluorescence energy may be reflected bay up the lens 
920. This energy passes through the beamsplitter 9 1 9 and to lens 922 which is then 
received by detector 914 as indicated by arrow 923. The detector 914 measures the 
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energy and this infonx^tion iis passed on to the processor (not shown) to determine 
analyte levels. The illumination system 910 may also include cells 924 on the disc 
surface. Inthi5q>ecific embodiment, a penetrating member 925 drive by a force 
generator 926 such as btif not limited to a solenoid may be used to obtain the fluid . 
5 sample. A detent 927 may also be included with th^.deyice along widi other bare lancets 
c»r penetrating members 928: 

Refining now to Kgure 90, another embodiment of thb illuminatioii system 910 is 
shotm for use with a cartridge 929. Cartridge 929 is similar to cartridge 800. Cartridge 
929 is a single cartridge having a plurality of penetrating members and a plurality of 
10 optical analytic detecting meoibers (^^ 

plurality of optically, transparent portions 930 which may be but is not limited to windows 
or the like for ^e light fiom LED 912 to shine into a cavity of the cartridge 929. In one 
eoibodixnent, each cavi^ of the cartridge 929 niay include at least Oiie transparent portion 
930. This jdlpws the li|^t to generate raragy thji may be read by anal 
15 inemborSM. Thei cartridge 929 may bo used a driver 8^2 to actuate penetrating niembers 
aiEi^ the.cartridge 929 

!Referrinig iiow to Figure 91, a ax)ss-section of a sinailar embodun^t of the 
illumination system is shown. This system 932 has source 912 with a lens. 933 hiaSang an 
excitation filter 934. This exdtation filter 934, in one embodiment, pnly allows excitation 
20 energy to pass* This filter 934 allows the excitation energy to pass to didooic mirror 935, 
but does not let it return to source 912. Excitation energy is reflected down as indicated 
by anpw936. Lens 937 focuses the imergy to optical andyte detect^ 
Huorescenc^ energ^^^ dichfbic miiror 935 and towards a 

25 . fluorescent energy to pass through to lens 941. Tfitis, the defector 914 only receives 
fliioresceiit ena-^ from the analyte detecting niember 938. It should be understood of 
course^ that the filter may be dianged to allow the type of energy being gCTerated by 
' aAdyte detecting miember 938 to pass. In some embodiment^ no filter wixy be used. The 
dichroic*mitn>r 935 may be a Bl^ substrate, 63x the filters may also be a Bk7: 

30 substrate alJbut 40mm in diameter and about 6mm thick. The 1ct$ 933, 937, and 941 may 
be achonnati:bfl===53.6, working aperture 38rnm. 

Referring now to Figure 92, a still fiirtfaer embpdiinent of an illuminiatioii system 
942 will be described. This system does not iise a beamspUttear or dichroic mirror. 
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Instead, bofli tiie source or LED 912 and detector 914 have direct line of sight to.the 
optical analyte detecting member 938, In this embodiniait, multiple elements are 
cotnbiiied into a single housing. For example, lens 943, lens 944, iand filtd- 94i5 are 
combinol while lem 946, lens 947; and filter 948 are also combin 
5 Refeiring now to Figure 93, a cross-section ofasystOTi similar to 

89 is shown in a housmg 950. LED 912 sends Ugjht to mirror 919 to a light path 951 to 
ceUs 924 on a surface of the disc. A finger access 952 allows a sample to be obtained and 
flow along a fluid pathway 953 to be analyzed. A processor 954 may be coipied to 
detector 914 to analyze the results. 

10 Referring now to Figure 94, a cross-seetion of a system sfanilar to that of Figure 

90 win be fiulher described This shows a cart^ 

aflows for a radial design where the pdrietrating members extend radiaUy 
indicated by arrow 955. The driver 882 may have a coupla: portion that iwipib^^^ 
indicated by arrow 956. Figures 95 and 96 provide fimher views of a system similar tp 

15 thatofFijgure 89. The embodiment of Figures 95 and 96 may include additional lenses or 
filters as may be usefiil to refine energy detection: . 

Referring now to Figure 97, the area of interest is thie velocity profile l OOQ while 
the lancet is cutting through the Skin layers in the finger until it reaches a predetermined 
depth. More specifically, variation of lancet velocity through different phaseis of the 

20 inbound trajectory is shown iii Figure 97. In this embodimoit. Phase 1 corresponds to the 
stratum corneum, phase II to the epidermis and phase IH to the dermis. At each phase 
(and during the phase), the pptibns are to maintain current velocity, increase current 
velocity or decrease current velocity. Based on the thickness of the stratum cpmeum, • 
. . velocity could be rnom'tored and changed in this embodiment at 9 points in the stratum 

25 ' corneum^ 6 points in the epidennis, 

detection algorithm and the 360 strips per inch encoder strip. It should be iioted that 
. . although the embodim^t of the driver discussed herein produces the previously 

discussed number of nionitoring points for a given displacement, other driver and position 
sensofr embodiments may be used that would give higher or lower resolution. 

30 For the purposes of the present discussion for this nonlimiting example, the skin is 

viewed as having three distinct regions or tissue layers: the stiatuih comeum SC (Phase 
I), the epidennis E (Phase II) and the dermis.D (Phase HI). In one enibodiment, the lancet 
or poQietrating member 1 0 is accelerated to. a first desired velocity, this velocity may be 
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predetermined or it may be calculated by the processor during actuatioiL The processor is 
also used to control the lancet velocity in tissue. At this vplocity, the lancet 10 vnU 
impact the skin and initiate cutting through the stratum comeum. The stratum cpmeum is 
faard^ hence in this embodiment maximum velocity of the penetrating monber 10. miy be 

5 ^nployed to efficiently cut thr6ug}i.this layer, and this velocity, may be maintained 

constant until the lancet passes through tfie layer. Power will hkely neied to be applied to 
the lancet drive 12 while the laiicet i§ cutting (hidugh the stratum coiheum in ord^ t6 
mamtain the first velocity. Av^ge stratum c6meum ttuckness is about 225 |un. Usmg a 
four-edge detection algorithm for the position sensor 14 of ttw^ 

10 6i>pbrtumty to yenty and feed bade velocity information can be carried out at 225/17 <»r 
• roughly 13 jpoints. hi another embodiment accelerating through the stratum comeum 
folIoHving impact may improve cutting effidency. Acceleration may be possible if the 
lancet has not reached its target or desired velocity before impact Figure 4 shows the 
result of ihcreiasing ((a) arrbi^ maintaining ((b) arrows) or redudnig ((c) arrows) velodty 

15 . cm ^e lancet trajectbry for e^c^ 

On reac^g the qiideimis'E (Phase 11)^ m 
the velocity ((c) arrows) from Ihe &st velocity so that tissue conq>ressi6h.is reduced in 
this second tissiie layer. Thus the lancet 10, in this nonlimiting example, may have a 
second desired vdcknty that is less than the first 

20 second tissue layer may reduce the pain exp^enced by ttie mechano recq>tor n^e cells 
in the dermal layer (third tissue layer). In the absence of tissue compression effects on the 
demal layer, however, lancet velocity may be kept constant for efficient cutting (i.6. 
second velocity may be maintained ttie same as the first velocity). In another . . 
enibbdimehC velodty may 

25 in Phiase in, tiielaicet or penetrating mcta^ 

' cut them to yield blQod. The innervation of this third tissue layer aiid hence pain 
perception during lancing couldi be easily affected by the velocity profile chosen^ In one 
embodiment, a third desiried velodty may be cibosen. The velodty may be chbsdn to 
minimize nerve stimulation while maintaining cutting efSciency. One embodiment 

30 would involve reducing velocity from the second velocity to minimize pain, and may 
increase it just before the blood vessels to be cut. The nimiber of velodty measurement 
steps possible for the position sensor described above in the dermis is approximately 58. 
The user would determine the best velocity/cutting profile by usage. The profile with the 
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least, amount of pain on laQcing, yielding a successful blood sample would be 
piogE^onmable into the djsvice. 

Cuirently useis optimize dqptfa settings on mechanical launcheiis by testing 
various settings and throngji usajge, settle on a desired ^ 
5 Embodiinents of the device ahd.methods discussed herein provide a variety of velocity 
profiles figure 97), which can optunized by the user for control!^ lancing, and may 
ihctude: controlling the cutting speed of a lancet with ttie Imc^.widiin the skin; adjustmg 
the velocity prpfile of the lancet iitdiile 

composition of the skin layers; lancing according to precise regional velocity profiles 
10 based on variation in cell type firom the surface of the skin down through the epidermis 
and dermis; lancing at a desired velocity through any tissue layer and varying the . 
velocity for each layer. This may include maximum velocity through the stratum ' 
cbmeum. mediation of velocity througji epidermis to mininii7.ft R>innV>yaves to pgm 
sensors in dermis, and mediation of velocity througji dermis for efficient cuttmg of blood 
15 vessels without stimulating pfain recq)tors. Additional details may be found in commoiily 
... assigned, co-pending U.S. Patent Application Ser. No. 10/420,535 (Attorney Docket No. 
38187-2664) filed April 21, 2003, ihciud^ herein by reference^^^ 

Referring now to Figure 98, another anbodiment of the present invention will 
now be described. . Some embodiments of the present invention may provide an accuiBte 
20 method to locate the point on the body where the sample will be taken. As a nonlimiting 
example, a beam of li^t miay be used. Additionally, the beam may be used to indicate 
readiness to sample. In a still fiirther embodiment, the reflected light beam may be used 
to arm the device for xise or to actually activate the device. Any of these embodiments 
may be designed for use with any of the cartridges and^^ 
25 herein. - 

As seen in the embodiment of Figure !98, a li^t source 1 000 may be used to 
project a hght beam on to the surfece of the skin or tissue. A variety of light sources may 
be used The light source include but are not limited to an incandescent, light emitting 
diode, fluoi^escerit, electroluminescent or other type of light soxffces. The light source . 
3Q 1 000, in most embodiments, emits radiation in the spectrum visible to the human eye. 
The hght source 1000 may also emit radiation at other wavelengths such as but not 
limited to ultraviolet, infiared, or tiie like and would be detected by a separate detector . 
device. One example may be similar to the device of Figure 99. Although the 



wo 2004/054455 



PCTaJS2003/040095 



. ■ 58 . • ' • . 
embodiment of Figure 98 uses a plurality of lig^t sources 1000, it should be und^shxMl 
that some embodiments may only use a dngle ligiht source 1000. 

In. the embodiment of Figure 98, an element may be provided to grade flie Ug)^^ 
ttie target area of the body. This maybe accomplished by using a ligjit source with a built 
5' in colliixi^g means such as but not limited to a lens. Another way to guide the light is 
to allow it to escq>e through one or more apertiures 1002 in 1^^ Anend capor 

fiont«d 103 may be provided to facifitat^ finger A stillfiirther wayis to 

use a form of fiber optics or li^t pipe technology that makes a beam of li^ on the body. 
The li^t pipe technology may have lenses (such as, but not' liinited to,, conventional or 
10 Fresnel) built into than. As seen in Figure 98, the lancrt or penetrating meoQiber 1004 
exits through an opening 1006. The device may include a coi^ler 1608 aittachii^ a driver 
to the penetrating member 1004. Wires or leads 110 may be used to deliver power to 
drive the light source 1000. It should be imderstood that the numb^ of Kghtbeai^ 
vary. The light beams may be one, two, or more individual beams or a continuous ring or 
15 othCT shape of light (such as but liihited to a circle, a dot, an X, an icon^ an logo, e^...) to 
mark die point of impact The light source 1000 may ^so project different colbk of Kght 
As a nonlimiting example, a first color of Ugjit may be us^^ 

color of light when the device is aimed correct or at a deshed target For exan^le, a red 
hghtmaybeusedinitiallyandagreraUghtwhenthedeviceisaa Two 

20 different Kght sources 1000 may be used to provide the diflferent colors of light 

Referring now to Figure 99, an additional feature could allow a photo didde or * 
siinilar sensor 1020 to detect the reflected li^t firan the source 1000, which may be used 
for a variety of purposes such as arming the device for actuation, determining sJdn 
characteristics, or using the reflected signal to initi^^ 

25 embodunent of Figure 99, fiber optics 1022 may be used to carry fi ght fiom the source 
1 000 for projection. In one embodiment, the light beam may be modulated at a fairly 
hi^ frequency that may enhance the detection process, by detecting an AC coiq)led 
detector signal. The reflection of the location light beam may be us^ to detect proximity 
of the anatomical future. Modulation provides one method to reject ambient light levels 

30 that would falsely indicate proximity of the anatomical feature. The Ught is projected to a 
pomt of sampling S, where the lancet or penetrating if actuated, will create a wound. 

There are additional uses for the light source 1000 - the light may be used with an 
electronic actuator to indicate that the device is ready to lance. In addition to the beam 
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illuminating the site of laacing, the light could be visible within the body of the device as 
an easy to see ready to use signal In ftis case a switch would turn on and off the light 
source to indicate the status of the de^ce. In another eanbpdinient, a visual in^ 
1040 pn the device nmyligjiti5> or change color ^ An 
5 indicator, change of unage, flashing of black and white on an LCD display screen on tfie 
device may also be used to indicate proper aim. In some situations, when the device is 
aimed over a ridge on die finger (i^^ 
fingeiprintsX theh^t hiayindicate'one color and a second to^ 
over a valley or trough betwe^ ridges, hi sOTie einbodim^ts, a second light beam or 

10 second imagers jrojectcd when flie deyicefe aimed as desired. The be^ of light may be 
controlled to indicate readiness for s^ce to the opmtor. Additionally, the beam may 
be made visible by a secondary light conduction path (othor than the light beam). 

RefOTng now to Figure 100, in this embodiment, it is shown the light source 
1000 does not need to be located in front of the c^ 

15 that the light source 100 may have an-overiappingconfigura 

above, below, or to the side of the' cartridge. The light source 1000 may be used with a 
device that oiily contains one pmetratmg member 1 004 or a device that contains multiple 
penetrating memb^: In some CTibodiments which use a light source 912 for analyte ' 
detection or measurement, ftie light source 912 may also be used to provide a light for 

20 aiming purposes via an optical train 1 042 such as but not limited to optical fiber, mirrors, 
or lens. For eaise of iflustration, the other optical components us 
perfonn its analyte measurement functions are not shown in Figure 1 00. 

. Referring now to the embodiments in Figures 100 and 101, a pbrtion 1050 of the 
housing 1 052 may be transparent to facilitate viewing of the finger as it is positioned to 

25 be lanced: The embodim^t in Figure 101 provides a substantiaily lairger area to be clear 
while the embodiment in Rgure 102 prcyides a clear area in a round, circular, square, 
rectangular, polygonal, other shaped window near the lancing loc^ It should be 
understood that any of the light beam embodiments, clear housing embodimaits, and 
other features used for auning may be combined with any of the embodiments disclosed 

30 herein or with embodiments in references enclosed herein by reference. 

Referring now to Figure 1 03, a still fiirther embodiment of the present invention 
will now be described. Figure 103 is an exploded view showing a cartridge 1 100, a layer 
1 102 with a plurality of analyte detecting members 1104, and a sterility barrier 1 106. The 
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analyte detecting members 1 104 on layer 1 102 may have leads or connectprs 1 108 ttiat 
extend along ttie layer 1102. In some embodiments, these leads 1 108 extend all die way 
to the imier dicumfen^ce pf the layer 1 102. In other embodiments, the leads 1 108 may 
not extend all the way to the inner ciicuinferrace. As indicated by arrows 1 1 10 and 1 1 12, 

5 the layer ! 102 md stqtiUtybairiCT 1106 may 

device' for use vdik a lancing a^aratus 880. la ioiost embodiments, penetrating members 
(not shown) are contained in die cartridge llOOprior to coiQ>hng the st^iHty barrier^ 
to the cartridge 1100. It ^oidd be understood ttiat the analyte detecting membar 1104 
may be a low volume electrochemical analyte detecting member sudi as but not limited to 

10 that described in published per appHcation WCX)^ 

refi^ence. The disposable analyte detecting member may compEise a support material, 
upon wfaiich electrical conductors and an electrode system, conqxrising a counts electrode 
and a woikmg electrode formed fiom a r^ 

insulating layer, covering the siq>port material mi the electrical conductors, recesses for 
15 formiog contacts for a potentiostat unit and the electrode system and a bio-component for 
recognition of the analyte. The resuction lay^ of the dispos^le analyte detecting member ; 
may comprise a lightly subliming electron-transfer mediator along with an electfoii- ' : 
conductmg material ; The electrode system of the analyte detecting manber is covered by 
a polymeric protective coat The invention further relates to a method for the 
20 determination of analytes in a fluid sample, by means of the analyte detecting member, 
the use of lightly subliming conqjounds as electron-transfer mediatoirs in an 
electrochemical sensor for the traiisfw of electrom fix>m an cnz^ 
conducting material and the use of the analyte detectmg members for the deteraipation of 
analyte concentrations in body or sample fluids. The analyte detecting membqr may be 
25 designed to provide a sufficient reading based on no more the about 600 nanoliters,.500 
nanoKters, 400 nanoliters, 300 nanoliters, 200 nanoliters, 100 nanoliters, 50 nanoliters, 25 
nanolitersi 20 nanoliters, 15 nanoliters, 10 nanoliters, 5 nanolitars, or lower volume. As a 
npnlimiting example, the analyte detectors may be azed fiom 1x1 mm or 0.5x0,5 mm in 
another embodiment 

30 Refearing now to the embodiment of Figure 104, a cartridge 11 14 is shown 

wherein Cavities 1 1 1 6 are of extended length and have a penetrating member grip or park 
area 1118. This area 1118 holds the penetrating member (not shown) in place prior to 
actuation. It may also be used to hold the penetrating member in place after actuation. 
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The cartridge 1 1 14 may also have notches 1 120 foritned along the inner circumfoence of 
the cartridge. These notches 1 120 may be used for positioning puiposes, for ptuposes of 
rotating the cartridge, or any combination of the two or qtbsc reasons. For non-circular 
configurations, the notches 1 120 are formed along fiie walls of an opening thipiigh the 
5 nondrcular cartridge. 

Figure 105 is an enlarged view of a portion of t^^ 
periphery of the cartridge 1114, a chamber 1122 is fonnei "Jh one embodiment. Mood or 
other body £h]idfix>m a wound created by tiie lancing A 
channel 1124 may be present to draw fluid towards ail openmg M one ' 

10 embbdimcii^ an aiialyte detecting member (not shown) may occupy the opening 1 126. In 
some embodimCTts, fhe analyte detectmg member foilns the bottom wall of the opening 
1126, instead of occupying the opening 1126. in sonie embodiments, there are no fluid 
bearing stiuctures on the underside of the cartridge 1114. 
. Referrbg now to flie embodimrats of Figure 

15 uhdec^deof the cartridge 1114 are shown. In flus embbdiindit, opening 1 126 lead^ to a 
fluid channel l 128 on the underside of the cartridge 1 114. The channel 1128 may be 
selected of a length sufiScient to contain a Volume pjf blood sufficient to substsaitially fill 
the cjxpanded fluid area 1 130. As a nonlimiting example, the channel 1128 maybe 
configuiedtohold at least about 1.5 pi, 1.4 pi, 1.3 pi, 1.2 pi, 1.1 pi, 1.0 pi, 0.9 pi, 0.8 pi, 

20 0.7 pi, 0.6 pi, 0.5pl, 0.4 pi, 03 pi, 0.2 pi, 0.1 pi, 0.05 pi, or 0.01 pi. As another 
nonlimiting example, the chanriel 1 128 may also be viewed as holding no more than 
about 1.5 pi, 1.4 pi, 1.3 pi, 1.2 pi, 1.1 pi, 1.0 pi, 0.9 pi, 0.8 pi, 0.7 pi, 0.6 pi, 0.5pl,0.4 
\ pi, 0.3 pl,0.2 pl, 0.1 pl, 0:05pl,or0.0i pl^priortp tt^^^ 

still finther CTibodiment, tlxe amount of fluid flowing from the channel 1128 into the area 

25 1 130 will not exceed about 1.5 pi, 1.4 pi, 1 J pi, 1.2 pi, 1.1 1.0 pi, 0.9 pt 0,8 pi, 0.7 
pi, 0.6 pi, 0.5pl, 0:4 pi, 0:3 pi, 0.2 pi, 0.1 pi; 0.05 pi, or 0.01 pi, depending on flie . 
amount desired by the various detecting members. The analyte detecting member (not 
. shown), in one embodiment, will occupy or corr^^ 
When fluid fills the fluid channel 1 128 and enters tile area 1 130, the sudden expansion 6f 

30 width wilTcause fluid to rush into the area 1 130, preferably in a volume sufficient to 

substantially fill the area or at least in sufficient volume for an analyte detectioig mdnber 
to make a reading. Theareall30mayholdabbut 1.5 pl, 1.4pl, 1.3 pi, h2pl, 1.1 pi, 1.0 
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0.9 jU, 0.8^1; a? ^1, 0.6^1, 0.5^1, 0.4 03 In 
some embodiments, the ar» 1 130 is designed to hold a volume sli^fly less ttim the 
amount of that can be held in ttie channel 1 128 prior to die fluid reaching the area 1130. 
In one nonlimiting example, this may be about 0.01 fd, 0.05 ^ or Oil pi less. A vent 

5 1132 may befhiidly cot^led to the e3q)3nded fluid area 1130 to handle dny overflow of 
fluid. The voot 1 132 reconnects to the cavity 1 1 16 on the oflier side of the c^dge, 

Figwes 108 and 109 show a sdU fiuther enibpdiin 
invention. Figure 108 shows an embodiment the opraing 1 134 is moved eviai 
closer to the outear periphery of the chamber 1122. Again, in some embodiments, the 

10 cartridge 1114 may nothave any fluid bearing channels or structures. An analyte 

detecting menAcT may occupy the opening 1 134, foam the underside of the opening 1 134, 
or $ome combination of the two. Figure 108 also shows a groove ^ 1 ^ 
excess material fiom a sterility barrier 1 106: Figure 109 shows an embodiment wixwe the 
opening 1134 ppCTsdlrectlyinto expanded area 1138. Thore is no channel to bring the 

15 fluid to the expanded area 1138. In this embodiment^ three analyte detecting members 
1 140, 1 142, and 1 144 may be associated with each.area 1 138. In any of flie embodiments 
of the presoit invention, it should be understood that a single or a plurality of analyte 
detecting members may be associated with each area, such as area 1 138. In any of the 
embodiments pf the present invention, it shoidd be understood that the analyte 

20 members may be performing the same analysis, difierent analysis, or any combination 
thereof 

Referringnowto the embodiment ofFigure 110, arib 1146 is positioned across 
the opening 1148 in ^e chambd- 1 1 50. The chamber 1 150 is positioQed to receive body 
fluid from a wound created by the lancing event. The rib 1 146 may be formed from a 

25 variety of materials such as, but not limited to, a cycBc olefin or other plastic well known 
in the art. In sonie embodiments, it can be made hydrophilic by surface treatments or de. 
surrounding area can be made hydrophobic. In one embodiment, the rib 1146 may be 
made very thin, on the order of about 100 microns. The rib 1 146 may also have other 
thicknesses such as less than about 200 microns or less than about 300 microns. It should 

30 be understood that in one embodiment, the rib 1 146 may be integrally formed with the 
cartridge or it may be attached or coupled to the cartridge after the cartridge is formed. 
An analyte detecting member may occupy the op^iing 1 1 48, form the underside of the 
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q>ening 1 148, or some combination of &e two. The analyte detecting m^ber may be 
formed, configux^ of shaped to receive fluid be Insom^ 
embodiments^ there are no fluid bearing structures on the underside of the cartridge. 
: Figure ill shows the underside of one embodiment of a cartrid^^ For ease 
5 ofiUustratioiiyfherib Ii46isihadet6 appeartfaicka'tlumitmay In some 

embodiments; die rib may be about 100 pan dnclo An thimled area 1154 is provided. The 
analyte detecting member may be formed to occupy a pprtidn of the area 1 1 54 
CQiresponding.to opening 1 148 having rib 11 46, formed to substantially fill the area 1 154, 
fonned to be placed against the surface 1 154, or otherwise positioned to received fluid 

10 . from openings 1 146. In some embodiments, the electrodes forms the bottoni surface of 
die chamber 1 150 and can be viewed as being one *Svall" of that chamb^. The analyte 
detecting meniber may be visible though the opening 1 148 when the cartridge 1 152 is 
assCTibled (and the sterility barrier i$ pimctufed). A vent chaimel 1 156 may be 
configured, in some embodiments, to draw excess fluid towards the vent 1158 via an 

15 opening 1 1 60: In other embodiments, the vent channel 1 1 56 is not present and excess 
bloodotfluid simply fiUs the chambeirll SO or flows towards th&narrowing 1162 (as 
seen in Figure lb). 

Figure 112 shows an undorside of a cartridge havir^ two different fluid structures 
which may be used, singly or iii combination. The embodiment on the right includes an 
20 area 1 1 64 that results due to reduction in size of opening 1 1 66. The sizing of the openii^ 
1 166 may be controlled depending on the ainount of blood or fluid that the analyte 
detecting meniber needs to perform its analysis. In various embodiments, this may be 
less than about 1 .0 fil, 0.9 fil, 0.8 jil, 0.7 filj 0.6 jil, 0.5^1, 0 4 03 jil, 0.2 |il, 0.1 jd, 
6.05jd,orp.dlpL 

25 Figure 113 shows a top down view of one. embodiment of a cartridge 1 152 

according to the present invention. Insomeconfigurations, a rib 1146 is provided in 
chambOT 1 150 to spread fluid to the analyte detecting members 1 140, 1 142, and 1 144. In 
* some embodiments, there are no fluid bearing structures, on the underside of the cartridge. 
As a ndnlimitmg example, the analyte detecting member used in the present embodiment 

30 can provide its analysis using no more than about 1 .0 ^I, 0.9 ^1, 0.8 ^1, 0.7 \H, 0.6 ^1, 

0.5^1, 0.4 Ml, 0.3 ill, 0.2 0.1 0.05 or 0.01 ^1 of fluid. In some embodiments, the 
amount of fluid used by all analyte inembers associated with each sample chamber 1 150 
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can provide its analysis using no more than 
04lil0A\}i03pii,0.2id^0Aid,6 filoffluid; With the analyte detecting 

mdnbers such as those described m 

the present edibodiment can provide its analysis using ho more tiban about 20 nanofiteis^ 
.5 15 nanoliters, 10 nanoliters, 5 nanoliters, or lower volumes. These deteibttng m^bers 
suchas members 1143 and 1148 may also be suranged in arrays 1145, 1147,or li49. As 
a nonlimiting exanq>le, these analyte detectmg members miay be eliectrochdmical based 
and use an ampiometric techuiquei to measure an ^ 

may be printed on multiple surfaces, including but not limited to glass, ceramic, and 
10 plastic. These analyte detecting members may include print hydrbphih^ 

hydrophiHc layers with dim^ions conq)atible with vcr very smaU blood volume usage 

(50-100 micron heights). 

Figure 1 14 is a close-up view of one embodiment of the cartridge having a 

plurality of analyse detecting members^ A penetrating niember 1168 is shown in this 
15 . view; In one embodimdot, the penetrating member 1 1 (58 may start in this position, in the 

chamber 1150 prior to lancing. The penetrating membCT 1 168 may also return to thi 

position after lancing. In still furth^ embodiments, the penetrating member 1 1 68 may be 

advanced at a nonrlancing speed to the position shown in Figure 114, stop, and thm be 

actuated at lancing speeds to penetrate tissue. The sample chamber 11 50 may, in one 
20 embodiiaenti have only two analyte detecting members 1 142 and 1 144, La other 

embodiments, other analyte detecting m^bers 1 140, 1 148, or 1143 (all shown in 

phantom) may be included. 

Figure 1 15 shows one embodiment of an underside to ciarbidge 1 152. In this 

embodiment, the analyte detecting members 1 140, 1 142, 1 143, 1 144, and 1 i48 are shown 
25 as they would be positioned in area 1 1 54. Leads or connectors 1 108 may be coupled to 

the analyte detecting niembers. It should be understood that any oif the analyte detecting 

members disclosed herein or known in the ait may. adapted for use with the present 

invration. 

Referring now to Figures 1 1 6 and 1 1 7, a still further embodiment of the present 
30 invention will now be described. In this embodiment of the cartridge, multiple fluid 
spreaders 1 170 and 1 172 are included for urging fluid iiito the various openings 1 174, 
1 1 76, and 1 1 78. In this embodiment, the spreaders rnay be integrally formed with the 
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cartridge. The analyte detecting membas 1 180 and 1 182 in this embodiment aie oriented 
papendicularly to die openings 1174, UX aod 1178. 

shows a variety of configorations of 

cayitiMandopeii&gsforiisewithacaitf 
5 configuratiorismigrbeusedsiBgiyorinctonAinationona 
may tove vent cpenings 1184 in locations as^d^ 
may We> diamber 1150 with an extended 
«»>dated position H In 
included aiki the only way to bring f^^^ 

.IQ which maybe at any 6f the locati(^ forthe cavity 1116. Ih stiU fiirther 

embodimeoCs, the analyte detecting moiiber may be placed directly in the cavity 1 1 16 

withoirtreKanceonusingaopeningsa9basn84or 118.6iodk^ 
detecting meaiber 

bbttpm suf&cesl, etc. . .). • 

15 P»S>>>» shows the imderride configurations with nimml^ 

coaeqwnding iK)sitions diow^ 

I^sition #3, tti&opening 1186 connects directly to the open a^ 
OOTiesppnd to the location of an analyte detecting member^ 

Refetriiig now to Figure 120, a sliU further embodiment of the present invention 
20 ydll now be described. Thii enAo^eit has a spreading elonent n 90 vviric^ 
. irt least one analyte detecting member underne^ 

wall of the chainber 1 150. As a noqlimiting example, the element 1 190 may have a 
medi, a WMY^, or "chainmair type configuration. As seen in the Figure 120, the 
p^etratiiig riwimber 1 1^ may haye a start position in the chamber 1 150. The spreading 
daneiit HPOmaybemadebf avariefyofmaterials, m^^^ 
• m6rocelhilose polymer^ ceUuiose m'faate, hydrophobic 

polysulfone, and polycarbonates. These elements 11 90 may be membranes in some 
. embodiments and can often be cast &om a solution directiy on the top of the sensing 
region. They may configured moiphologieany m such a way as to 
30 fiom the lancing site and direct the flow of the whole blood or the plasma content on to a 
sen^r. The pn>posityc6ntrol and surface treatment may be varied to control the speed o^ 
flow (lateral or in through direction) or the rate of lateral spreading. Also they may be 
taUored to filter out particulates such as red blood cells. Additionally, the element 1 1 90 



25 
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may be a polymer mixed m with the det^ 

detection cheinisliy. Thc.elem^it 1 190 may oocupy the entiie area over the analyte 
detecting member, a piortioii, some geometric shape (rpuad, rectangular, square, sh^>es 
with opening^ figure ei^ts, crisscrossed, gridded, etc,..), ^ any combination of one or 
mote of these configurations. 

RefaiingnowtoFigwes 121 and 122,astillfurlheremix)dimc?nt of acar« 
according to the present ihyenlibn will now be descaibed The cartridge 12b0 of Figure 
121 includes a;pluiraliiy of notches 1202 foimed in an op^g 1204 in flie cartridge. 
These notche?120i2 may be us«i for a variety of purpose, includiiig but not limited to, 
positioning of ttieCTrtridge 1200 in a Ifflicing apparatus or fi>r rotation purposes to change 
position of cavities 1 116 aligned with a penetrating memb^ laundiihg device The hul> 
(not sho\m) which would mate with the opening 1204 may be rotating device &at will be 
used to coniiol which cavity 1116 and penetr^g member is portioned for engaganent . 
with the launch^. 

Moneemboduncait, thecartridge 1200inay include fiDont bearing areas 1208 for 
guiding a, penetrating member and rear bearing areas 1210. The rear bearing ^eas 1210 
may be a length sufficient so that the penetrating m^ber may create a wound in the 
target tissue withoid: losingcoiitact or guidance fiom flie rear bearing area 1210. This 
provides for more control of the cutting path taken by the penetrating member; The 
cavity provides sufficient open space for a penetrating member gripper to accommodate 
the throw distaiice used by the gjipper to advance the penetrating member to contact 
tissue. In some embodiments, a middle guide bearing 1212 may be used. In such an 
embodiment, flie gripper would grq> a rear portion of the penetrating member, with both 
bearings remaining in **fix)nf of ttie grippe, atid die throw area of cavity 1116 moved 
towards at least ttie rear half (in one embodimiraitXof the cartridge as indicated by arrow 
1213 in Figure 123. As a nonlimiting example, &e throw distance may be adjusted as 
deshed to fake vp more ttian 54 of cavity 11 16, less than 1/3, or less than Va of the cavity. 
A narrowed portion 1218 may be included to hold the penetrating members when the 
peneitratihg mmibers are not being actuated. 

As seen in Figure 122, tiie portion 1220 on the cartridge 1200 may be open or 
pressed to close the top surface of the front bearing (while still having an opening 
allowing the penetrating member to pass). There rear of cavity 1116 may be narrowed to 
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hold the penetrating meiqber in place. Portions 1222 may also be used to deal with flash 
assbdated with the manu&cturmg process, ' 

Referring now to Rgiires 124 and l25, embodiments of fte present ibVoitipii may 
comprise Idts contahung any of the penetrating member actuators 1230 disclosed hereiiL 
The kit may further include instnictiph^ for use IFU setting fortti any of flie laebbds 
descdM above: Optionany, the kit inay &rth?r coin^ 

plurality of penistrating members; The cartridge 1232 inay be of any ofihe embodim^ts 
disclosed herein (with or without petoetratnjg meinbera). Usii^y, the kit components nwH 
be packaged together ifti pouch P or dther conv^tiianal inedic^ device pad^i^aw, such 
as biit hbt limited to a box, tray, tube, or flie like. 14 mimy anbbdiiinents, the cartridge 
widbedt^abie. The cartridge 1232 may itself be cbhtamediii a separatepoud^ 
container wA Ih^ vtssBOsA iiito the container P. In some ei^bodim^t$^ fta IFU may be 
printed on the conitaiher P. In a ndnliniiting example; Oie container PrM^ 
actuatin:: 1230, witibi^ 

15. RefOTibg now to Figure 125, embodiments of die ineseiit invention may ihdtudc? 

kits that only include a cartridge 1232. DFU may also be included: hi somb embodiments, 
a plurality of cartridges 1232 (shown in phantom) may be included. Any of fte elements 
in diese figure or dther elemoits described in this ^Ucation may 
contamer P, singly or in any coinbiiuttibn. 

20 A^calanalyt«?detectii§naanbwhasaoptiihiunrangeofs«isitivitie^^^ 

126 plots the sensitivity of a typical glucose sensor over ccncentration of glucose in the 
sanq)le fluid. As seen in Figure 126, the ghicose sensor is only accurate for detecting 
g^ttc6te Idv^ls over a limited range. Most s^^ 
. ai»<Mt'3»iiM(miliiiibl» 

25 levds or hypi^gljwenaic rianges, the sensOT is tess^ accurate. Forlow^ucose levels ot 
hypoglyc^c ranges, the sensor is liess accurate as well. The sens(»r rai^e caii be defied; 
to covor higho: glucose levels ot lower glucose levels^ but diis is an inadequate solution 

as it saraificraev^ more accui^ym the ^ucose range being shi^ away fioin. 
'bacourades in glil(X)se readings at Ae low sensitivity ra^ . 
30 complications sudi as patients ovo^-injecting the amount of insulin iiitothdr bodies. 
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•T^moscopic" Of "nano" B meant to include eloia 

less thsm about! /im. 

As used hetdn, a "nanowre" is an elongated nanoscale semicondnctor win?*, at 
any point along its laigfli, Im at leastone crossrsecticHial dimension and, in some 
embodiments; two orthogonal cross-section^ dime^ 

preferably less than 200.nanomrtdrs, more ivefaably less.&an ^50 nanmnetei^ still more 
preferably less fliaa 100 nanometers, evCT more pjcfeferablyiess than 70, . . 

prefMJ*lyl!Ksflian 50 nanometers, even more preferably less than 20 nanometers, stiU 
more prefwably less than 10 nanometers, and even less than 5 naqome^. In otheir 
embodimemtSilhecross-sectionM dimension can be le^ti^ . 
nanometer, ii one, s«* of embodiments the nanowire has at least one cipss-septiQnal 
dimension ranpng &om 0.5 nanometersto 200 nanometers. Where nanowr^a^ 
■ describisd having a core and an outer region, the above dimensions relate, to tiiose of the 

: core. ■ "' . . • 

Referiirig now to Figure 127, one embo 

be described. Figure 127 shows gr^hs of the senativities of multiple gtacose andyte 
detecting membors 1222, 1224, 1226, and 1228. As can be seen, the sensitivities of each 
analyte detecting member is optimized for different analyte conbehtrations. Th^ areas 
of optimal sensitivity may be staggered. Iii gjucose monitoring, tMs is particularly useM 
as this configuration aUows diffenrnt sensitivities to be allocated to increase flienmge of 
covCTage over fliatofa single conventional analyte detecting member. AnarrayOf. 
analyte detecting members wiOi non-identical sensitivity ranges enhances accuracy since 
theisensitivities may no w cover an Accordmgly, in : 

one embodiment of tiie present invention, apluratity of analyte detecting membershaying 
different sensitivities is used on tiie same body fluid sample. 

Even an embodiment having only two of tiie analyte detecting meniibers with 

<Hfferent sensitivity ranges as diown inFigure 128 wiU improve analyte detecting 
member performance. Optionally in other embodiments, groups of analyte detecting 
members may be used wherein all tiie analyte detecting members in one group have flie 
same sensitivity range, but analyte detecting members in different groups have different 
ranges. This iMrovides redundancy and statistical advantage as measurements over one 
range can be compared witii anoUier analyte detecting member in tiie same group 
measuring glucose in that same concentration range. 
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Refening now to Kgure 129/an anay ^1^^ 
those described in WO02/02796 may be used in a cartddge 1 229 having a plurality of . 
lancets or pdietrating members 1240 and used with a drivd: 1236. For ease of 
illustration, only one of the plurahty of penetrating monbers 1^ Theanay 
5 1242 of analyte detecting members may be arranged near the lancet exit 1230 so that 
« body fluid expressed fioni the patient may easily reach the array. The array 1242 may be 
located on the bottom surface of the module 1229, on the side surfaces, on the top 
surface,.attachfid to a separate layer of material that is thai attached tp the module 1229, 
or some combination pfany of these possibilities. Thean:ay 20 miay be usedwith 
10 microfluidiccharuiels or tubes to gmde body fluid to the analyte^^ The 
array 1242 may have a. variety of configurations useful for maximizing accuracy of 
glucose monitoring. For example, array 1242 may have a circular configuration, a 
rectangular configuration-(NxM, where N and M are integers), ia triangidar configuration, 
concentric configuration, or other design. Suitable designs for the sample module may be 
15 found in commonly assigned, copending U,S, Provisional Patent Application Ser. No. 
. 60/422,988 (Attorney Docket No. 38187-2601) filed November 1, 2002; in commonly 

assigned, copending U.S. Provisional Patent Application Ser. No. 60/42:4,429 (Attorney 
- Docket No. 38187-2602) filed Noviember 6, 2002; and in commonly assigned, copending 
U.S. Provisional Patent AppUcation Ser. No.. 60/428,084 (Attomey Dpcket No. 38187- 
20 2604) filed November 20, 2002. 

To enable the usage of multiple analyte detecting members in an eywyday 
. enviroimient for glucose monitoring, it is desirable that the volumes of body fluid used 

for each analyte deti^ting member be reduced from conventional levels. From a practical 
' stan^)oint, the amount of spontaneous blood finom each lancet wound on the patient is 
25. limited. Drawing top much blood would be impractical for the patient and may limit the 
. number of samples a patient can Or is willing to conduct in one day. Accordingly, the less 
.. bipod or body fluid required for each analyte detecting inember, the more analyte 
detecting members one can use on the blood or body fluid sample aivailable through 
curroit lancing techniques. By way of example and not limitation, each glucose analyte 
30 detecting member in one embodiment of the array of analyte detecting members may use 
blood volume of less than about 500 nanoliters. In other embodiments, each analyte 
detecting member uses less than about 300 nanoliters. In still other embodiments, each 
analyte detecting member uses less than about SO nanoliters, less than about 30 nanoliters. 
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less than about 10 naiK)Uters, less than about 5 naiioUteis^ 

In one embodiment of ttie present invention, sensors using nanowifes such as those 
. available from Nanosys, Inc. of Palo Alto California may be used to design small scale 

gjiucose or other analyte detecting members using low volumes as lUscussed above. In 
. .5 one embodiment, these nanowires may be in the size of 100 hanomet^ by 20 

nanometers. These imowires may be made into a sensor design With electromcs 

monitor ghicose and may be designed into asensor of about 1 nucromef^ by .1 

iiucixmieter \^th between a^ In one embodiment, 

the iianowiires may be used as electrodes witti matoials useful for glucose momtoriog 
10 iinmobilizedpntihienanowire. Anaitay of 1238 oftfaese analyte detecting member 114^ 

coupled to lead wires is shown in Figure 130. Figures 131 and 132 ishow other array 

configurations suitable for the present inventioiL 

The nanownes used in the present mvdntion jmay be fabricated usmg Various 

techmquies. For exaonple, SiNWs (elongated ns^ 
15 synthesized using laser assisted catalytic growfii (LCG). As shown in Figures 133A and. . 

133B, lasCT v^rization of a coix^site target that is composed of a desired inatmal (e.g. 
' InP) and a catalytic material (e.g. Au) creates a hot, den$e vapor which quiddy condenses 

into liquid lianoclusters through collision witti the buffer gas. Growth begiiis 'vfbm fiie 

liquid nanoclusteis become supersaturated wijQi the desired phase and continiies asiong as 
20 the reactant is available. Growth terminates when die nanowires pass out of the hot 

reaction zone or ^en the teinperature is t6med down. Au is generally used as catalyst for 

growing a wide range of elongated nanoscale semiconductors. Howevov tfie catalyst is . 

not limited to Au only. A widls rage.of matmals such as (A& C^ ija, Qd, Fe, Ni, Go . . 

can be used ais the catalyst GenoiaUy; any metal that can forin iiA alloy with the desired 
25 smucondiictor material, but doesnt form ibore stable conipound than with the elem^its 

of the desired semiconductor can be used ais the catalyst The bufifer gas can be Ar, N2, 

and others inert gase^. Sometimes, a mixture of H2 and buffer gas is used to avoid iin- 

desired oxidation by residue oxygeiL Reactive 

(e.g.' anunonia for GaN). The key point of this process is las^ s^lation generates liquid 
30 nanoclusters that subsequently define the size aAd direct 

crystalline nanowires. The diaineters of the resulting nanowires are d^ermihed by the 
size of the catalyst cluster, which in turn can be varied by contiolting the growth 
conditions (e.g. background pressure, temperature, flow rate . , . ). For example, lower 
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IKBSsure genejally produces rianowires with smaller diameters. Using uniform diameter 
catdyticcfasterscandofuitherdiameterconlioL Chemical vapor deposition also can be 
vscd to form nanotubes in arrays in thepresence of directing electric fields, optionaUy iii 
cbpibiiiation widi self-assembled monolayer patt 

RefenmgnowVKgurel34,anaiiayofsensoreusm^ 
described. The nandwire sensor may comprise of a single molecule of doped silicon 100: 
The doped siKcon is 8hi9iW as a 

way. tfae doped siKccm nanowire fomis a high resistance semiconductor material across 
which a voltage may be appKed. The exterior surfafce and the iriteribr surface of the tube 
will have an oxide fbnned thereon and the surface of the tube can act as the gate 102 of 
m I^ d«mce in^ the electrical contacts at either end o^^ 

acti as the drain 106 and the Mun» 108. to the depicts embodimOT^ 
sjomnetric and either end of the device may be 6onjd^ 

15 conductor elements -104. ' 

Figure 134 ilhistrates W ejbmple of a chemical/or ligand-gated Field Eff^^ 
Transistor (FET). FETs are well loiown in ^fl^^ 

terminal device in which a conductor between 2 electrodes, one connected to the dram 
and one connected to the source, depends on the availability of charge carriers in a 
channel between the source and drain. FETs are described in more detail in The Art of 
mectronics. Second Edition by Paul Horowitz and Winfield HiU, Cambridge Um^ 
Press. 1989, pp. 113-174, the entire contents of which is hereby incorporated by 
reftr^ce. Tiiis avaU^iUty of charge carriers is cbritrolled by a voltage appKed to a third 
-control electrode" also Icno^ as the electrode. The conduction in the channel is 
:5 controlled by a voltage applied to the gate electrode, which produces an electric field.. 

across the channel. The device of Figure 134 may be considered a chemical or h^ 
FET because the chemical or Ugand provides the voltage at the gate, which produced the 
electric field, which changes the conductivity of the channel. This change in conductivity 
in the channel afiFects the flow of current through the chamiel. For this reason, a EET is 
often refesred to as a transconductant device in which a voltage on the gate controls the 
current through the channel through the source and the drain; The gate of a FET is 
insulated from the conduction chamiel. for example, using a semi conductor jmiction such 
in a junction FET (JFET) or using an oxide insulator such as in a metal oxide 
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^emicondiictor FET (MOSl^Et). Thus, in Figures A and B. (he SI02 extoior siu&ce of 
the nanowiie smsdt may 'serve as the gate insulation for the gate. 

Li application, the nanbwire de^ce illustrated in Figure 134 provides an FET 
device that may be contacted with ia sample or disposed within the path of a sample flow: 
5 Elemrats of interest within the sample can contact- die surface of ffie nanowire device and, 
under cettam conditions, bind or otheiivise adhere to ttie siuj&ce. In one embodiment, the 
sensors 102 may each have a differ^ sensitivity range, so as to enhance flie overall 
• accuracy of the array 107. ^ • 

Referring now to Figure 135, the exterior surface of the device may have rp^ction 
10 entities, e.g., binding partners that are specific for a moiety of m^ 

partners will attract the moieties or bind to jflie moieties so that moieties of interest within 
the sample will adhere aiid bind to the exterior surface of the nanowire device. Ah 
example of dus is shovyn in Figure 135 where there is depicted a moiety of interest 120 
(iot drawn to scale) being bound to the surfec 
15 Figure 135, that as the moieties build up, a dq)Ietion region 122 is created within the 

nmiowire device that limits the current passing throu£^ the wire. The depletion region can 
be depleted of holes or electronis, depending i^n the type of chaimel. The moiety has a 
diarge that can lead to a voltage diffCTence across the gate/drain 

The present invention may include, in one aspect, an integrated system, 
20 comprising a nanowire detector, a reader and a computer controlled response system. In 
this example, the nanowire detects a change in the equilibrium of an analyte in the 
sample, feeding a sigjial to the computer controlled r^onse system causing it to 
withhold or release a chemical or drug. Such systems can be nlade enable of monitoring 
. one, or a plurality of physiological characteristics individually or simultaneously. Such 
25 physiological characteristics can inctade, for example, oxygen concentration, carbon 

dioxide concentration, glucose level, concentration of a particular drug, concratration of a 
particular drug by-product, or the like. Integrated jphysiological devices can be 
- constructed to carry out a function dep^ing upon a condition soised by a sensor of the 
inventioiL For example, a nanowire sensor of the invention can sense glucose level and, 
30 based upon the djetermined glucose level can cause the release of insulin into a subject 
through an s^ropriate controller mechanism. 

As described above, the nanowires may be used with potentiometric techniques to 
monitor analyte levels. Potentiometric techniques monitor potential changes between a 
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working electrode and a reference electrode m response to charge ion species generated 

fix>ni enzyine reactions on the woridng^ 

ion-selective electrodes ill order to transduce the biological re^^ 

signal; Jn flie simplest terms Qus consists of an immobilized enzyme membrane 
. 5 surronndmg the probe from a pH-meter, where the catalyzed reaction geiierates of ^ 

absorbs hydrogen ions. The reaction occurring next to the ttiin sensing gjass membrane 

causes a change in pH, which may be read directly from the'pH-meter's diq)h^^ 
. of flie use of such electrodes is that the electrical potential is determined at very high 

impedance allowing effectively zero cunent flow and causing no interference with flie 
id tbaction. 

A inicroelectroiuc poteiitiometric biosensor, the Field EfiF^ 
biosensor, may be used for analyte sensing. In this design, a receptor or molecular 
recognition specie is coated ori a transistor giate. iWhen a ligand binds with the receptor, 
lihe gate electrode potential shifts, thereby control^^ . 

15 FpT. This current is detected by a circuit, which coiiverts it to an observed ligand ■ * 

concentration. ITie glucose sensor may be similar in constructioii tOi the oxygen sensor. 
One difference is that a hydfophilic membrane with immobilized glucose oxidase ^.e., 
GOD) is used instead of the hydrophobic oxygen membrane. In the pfesmoe of glucose 
oxidase, the following reaction occurs:. 

20 _ ' ' ^ , 

Glucose+0.subi GOD.fwdarw.Gluconic Acid+H.sub.2 6.sub^ 

In fliis case, glucose concentration can be det^mined by polarizing the working * 
electrode either anodically or cathodically by approximately 700 mV, to measure the rate 

25 . ofhydrogeai peroxide oxidation or oxygen reductiorL . 

A potentiometric sensor prodiices an electrical voltage that varies with the species 
of interest Ionic species, such as hydrogen ion (H.sup.+), sodium Q^ia.siq>.+), potassium 
(K.sup:+), ionized calcium (Ca.sig).-H-) and chloride (CLsiq).-), are commonly measured 
by ion-selective electrodes, a typical class of potentiometric sensors. 

30 The commonly used CO.sub.2 sensor, sometimes known as the Severinghaus 

electrode, also is a potentiometric sensor (and is, in fact, essentially a modified pH 
sensor). Typically, it consists of a pH electrode and a reference electrode, with both 
covered by a hydrophobic, gas-permeable/liquid-impermeable membrane such as 
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silicone. A thin layer of weaUy buffered internal electrolyte. e,g:, 0.001 M NaHC0.sub3, 
is located between the hydroplitobic membrane and the pH .seosmg niembrahe. Carbon 
dioxide in the sample eventuaUy reaches equilibrium ^th the internal electrolyte, and it 
produces a pH duft ac(X)rding to the foUowing equation: 

5 ... 

CO.sub.24H.subjp.£wdafwiLsup.+ • 

The pH electrode then teeasmts the resulting pH shi^ 
relationship exists between a saxnple's C0.sub2 partial pressure (pC0.sub;2) and its pIL 

10 . Hie accuracy of measiorement obtained ^tfi any of £dx>ve-desOiibed sensors can be 
adversely affa:ted by drift, particularly after exposure to biologicai fluids such as whole 
blood; Frequent calibration may be required. This is particularly true ifor gases such as 
p0^bJ2 and pCX).siLibJ2, because any change in the gas tran^ort properties of the 
membrane can affect Hxe sensor output With multiple sensors in an array configuration, 

15 sorheniay be dedicated for calibratioii purpose. Additionally, the use of many sensors 
oviBr the same sensitivity rimge provides statisticd a^^ 
may be ignored while the othor continue to generate accurate readings. 

Referring now to Figure 1 36, another embodiment of sensor is described. Figure 
136 shows a schematic diagram of the section across the width of an ENFET. The actual 
. 20 * dimrasions of the active area may be about 500 pim long by 50 fxm wide by 300 fun thick, 
though it should be understood that the device may be constructed to even smaller 
dimensions. The main body of the biosensor is a p-type silicon chip with two n-type 
solicon areas; the negative somce and thp positive drs^ 

layer (0.1 min thick) of ahca (Si02) which forms the gate of the FET. Above this gate is 
25. an equally fliin layer of H+-sensitive material (e.g. tantalum oxide), a protective ion 
selective membrane, the bibcatalyst and the analyte solution, which is separated Scorn 
sensitive parts of the FET by an inert encapsulating polyimide photopolymer. When a 
potential is 2^1ied between the electrodes, ia currmt flows through the FET dependent 
upon tiie positive potential detected at the ion-selective gate and its consequent attraction 
30 of electrons into the depletion layer. This current (T) is compared with fliat from a similar, 
but non^talytic ISFET immersed in the same solution. (Note that the electric current is, 
by convention, in the opposite direction to the flow of electrons). The sensitive materials 
used may be replaced with those specific for glucose monitoring. . 
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Glucose momtoring material may be immobilized on the nanowire using various 
techniques: For example, alfhougih various conducting polym^ may be used for 
immobilization of enzymes and other bioacdve substances» polypyirole (PPy) has gained 
interest for the entrapment of protein molecules because of its low oxidation potentiaL 
S . This characteristic enables the g^ 

compatible with most biological systems. This appn>ach is ususdly bas 
of sua enzyme into the stnicture of pol)pyiTOle fil^ 
polymerisation in the presence of the enzyme in a monomer solutio^^ 
contains supporting electrolyte. The immobilisation of glucose oxidase (GOD^into 
' 10 polypyirole films is one of the widely investigated polypyrrole-based biosensor for 

selective measurement of glucose. A potentiometric glucose biosensor may be fabricated 
via the immobilization of GOD with PPy film on an inert Pt ele^ 

monomer solutions without the addition of siqspoiting electrolyte, in particular^ the use of 

ultra-thin PPy-GOD film^ for inore rapid and sensitive 
15 glucose has been demonstrated. (Electrochemical News, Spring 1 999 Vol 4. No.2, 

Potentiometric Biosensing of Glucose with TJItra-thin Polypynole-Glucose Oxidase 

.Films, Sam B. Adeloju and Alex N. Moline). 

The deposition of individual and intact preformed supramolecular assemblies of 

biomolecules onto a suitable solid substrate can result in assemblies that serve as self- 
20 contjuned modules for the fabrication of molecular sensors a^ 

dq>osition (LAD) is a unique tool for the formation of thin films of materials and has 

been used successfiilly for the fabrication of hanostructures. The technique offers the. 

possibility of arranging preformed assemblies in well-defined architectures by physically 

lifting and dq)qsiting molecular assemblies onto solid siufaces. The LAD technique has 
•25 ' been used tq dqjosit glucose oxidase in sodium dodecyl su^ 

pho^holqjids and, more recently, photosensitive bactenoifaodopsin(bR) in a matrix of the 
• . lipid L-^stearoyl phosphatidyl-choline. bR is a conqxment of the purple membrane of 

thehalopiule Halobacteriurh halobiumand fimctions as a tight driven proton pump, with 

potential s^hcatioiis'iii photochroinic, hologrq>hic, nonl^ 
30 processing devices. A monolayer of bR fabricated by iself-assembly forms a bistable 

red/green switch that operates in 500 fs and stores data with 10,000 molecules per bit. 
A process developed by A.C. Fou et al. ihay also be used for the fabrication of 

iayer-by-layer nano-architectures films of polypyrrole (PPY) via in-situ self-assembly. 
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. Ambng.redox active enzymes, the electroch^cal behavior of glucose oxidase (GOD) 
was actively investigated, due to its practical plications in manufacturing biological 
sensors. The immobilisation of GOD on a conductive polymer (PPY, polyaniline, efc.) 
aUoyrs the constniction of glucose responsive biosensp 

5 . sin^e or clustered GOD molecules rq[)resents a crudal and iiqpottant step. 
Deposition tedmiques may also be 
Referring to Figure 137, a vapor deposition techni(|ue known as matrix assisted pulsed- 
laser evaporation (MAPLE) may be used to deposit materials on a nanowire, nanotube, 
other nanostriiclure; ora small electrode. The process may generate high quality 

10 polymeric, organic, and biomaterial films on many types of substrates. The teclmique has 
been used to dqjosit a wide range of organic and inOTganic polymers, biopolymers, and 
low to intermediate molecular weigjit orgies as thin, xmiform, and adherent coatings. 
These fihns are grown-wifli areas of a few squaffe micrometCTs and in thicknesses rangmg. 
* iGromalx^ut 5 run to.$everd micrometers over extended are^ 

1 5 physicochemical properties of the depoated materials. Although the new process may be 
siihilar to conventional PLD~both are vacuum-deposition techniques and they siiare many 
of th^ same advantages over traditional thin-rfilin fabrication techniques-the new process 
has additional capabiHties for depositing polymer thin fihns; First, the organic material 
airives at the substrate surface free of solvating molecules, w 

20 wettmg and allows better control of coating placement Second, the growth of multiplayrar 
structures of different compounds occurs without uaixing at the layer interfaces, instead of 
the thin film of mixed mat^als that results from the solvent effects. And, unlike most 
traditional polymer or organic thin-film-fabrication techniques, MAPLE simultaneously 
deposits coritamination-frcje films with monolayer thickness control(indq)endent of the 

25 total thickness);requires minimal junoun 

adhesion to the substrate. It is also: easily combined with masking techniques (contact and 
noncontact). 

The MAPLE process uses a frozen matrix as the lasa: target. This matrix, whidi 
consists of a dilute solution of a polyma: or organic material in a volatile solvent, may 
30 absorb the laser pulse and allow the solute molecules to be gently desorbed from the 

target. At the molecular level, the technique is aphotothermal process. Simply stated, the 
incident laser energy is absorbed by the bulk solvent molecules and converted into kinetic 
energy, which is then transfeired to the embedded solute through collective collisions, 
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resulting in the desorption of large molecular weight species. By carefully optimizing 
deposition wiKfitions, this process takes pla^ 

damage of the coating material. As in PLD, the laser pulse generates a forward directed 
vapor cone containing the evaporated material. When a substrate is positioned directly m 
5 feis path, it is uniformly coated with the solute coating material while the volatile solvit 
molecules are removed by the chamber's vacuum pump. M principle, the process is 
similar to the chemical ar^yticaUechniq^^^ 
ioni2ationma$s spectrometry (MALD 

macrbmolecules to detemime their molecular wei^t distributions. A significant 
10 difference between the two techniques lies in the treatment of the evaporated malaiaL In 
the MAPUB process, the rnateriai of interest is no 
but it is collected as a coating on a substrate rather than bein^ 

spectromet^ for further analysis. Aunique advantage of the emerging process is that it 
can be easily combined with noncontact shad^^^ 

15 required area. This is useful for coating fi^e substrates, such as polymor coatihgs.on 
atomic force microscope cantilevas, and is less ejq^ive and less tiine consuming than 
subsequent removal by patterning and etching. Patterns of polymer sand organic materials 
with features on a 10-|im scale have been generated by MAPLE depositioii^ through 
masks. This capability is important for the manuifachire of sensor arrays and electronic 

20 components, in which the desired coating area is measured in micrometers. Anotiber 
advantage of the technique is that the polymer or organic material is deposited on a 
substrate fiee ofbulksplvetit. la contrast, dep^ 

ink-jet, and dip coating BEiay use a solution of the material in a soWent to phy^cplly wet - 
die surface of a st^strate. Such techniques limit the surface choices to materials'that the 

25 solvent does notdissolve. The uneven and ui^^ 

evaporation ofthe solvent molecules result in nonuniifoimM^ Asexmnplesof 
coatings using this process, thin fflms of glucose oxidase^ an enzyme .used for gluc^ 
monitoring, have been dqwsited on the electrodes of mwatiire sensors; The resulting 
devices jperform ais well as those deposited by ink-j'et techniqties. with superior unifotmity 

30 and coverage. 

It should be understood that differoit sensors detecting different ranges of glucose 
concenfration, difiFerent analytes, or the like may be combined for use with each 
penetratring member. Non-potentiomctric measurement techniques may also be used for 
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aoalyte detection. For lexample, direct electron transfer of glucose oxidases molecules 
adsoibed onto caiboh nanotube powder imcroelectrode.may be used to measure^ucose 
leveiis. In all nie(hods, nanpscopic wire growth can be carried out via choniical vapor 
deposition (CVD). In all of the embodiments of the inventidii, preferred iianoscc^ic 

5 wires may be nanotubes. My me&odusefid for depositing a gliico^ oxidase or other 
analyte detection material on a nanowire or naootube may be uised with the present 
invention. Li some embodimoits, these nahbwires are integ^ted into lancets or other . 
penetrating members i^ch measure analyte levels. : B?^pected variations or differences in 
the results are conteiiq>lated in accordance with the objects and practices of the present 

10 invention. 

Figure 138 shows a still further ^bodiinent where a cartridge 1300 for holding a * 
sin^e penetratirig member is shown. A plastic or other ovCTlay sheet is printed with a 
plurality of low volunie analyte detecting methbers 1140 is attached to the cartridge 1300. 
Body fluid will be drawn into sample chamber 13(K where the member 1 140 will detect 

15 the analytes in the fluid. It should be understa<)d of couise that other nimibe^^ 
detecting members may be attached to the sheet 1304 and is not liniited to the 
• embodiment shown in this Figm'e 138. 

Figure 1 39 shows a top down view of one embodiment of a cartridge 1 152 
according to the preset invention. A rib 1146 is provided in chamber 1 150 to spread 

20 fluid to the analyte detecting members 1140, 1142, and 1143. In this embodiment, the rib 
1146 maybe spaced apart from the analyte detectmg.members 1140 and 1142, allbwihg 
fluid to flow between the structures. In other embodiineiits, the analyte detecting 
members maybe flush againist the rib 1 146. In some embodiineiits, there are no fluid - 
bearing stnictures on the underside of the cartridge. As a nonlimiting example, Qae 

25 analyte detecting member used in the present embodiment can provide its analysis using 
no more than about 1.0 ^il, 0.9 jil, 0.8 jil, 0.7 jU, 0.6 jil, 0.5jd, 0.4 fil, 0.3 ^il, 0.2 ftl, 0.1 jd, 
0.05 jil, or O.pi fil of fluid. In some embodiments, the amount of fluid used by all analyte 
members associated with each sample chamiber 1 1 50 can provide its analysis using no 
more than Aoitf 1.0 ill, 0.9 jil, O.iS ^^^ 

30 0.05 |il, or 0.01 |il of fluid. 

Figure 140 is a close-up view of the embodiment of Figure 114. A pmetrating 
member 1 168 is shown in this view. In one embodiment, the penetrating member 1 168 
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Doay Start in this position, in the chamber 1150 prior to lancing, the penetrating member 
1168 may also iBhmi to this prcition after lanc^ In still further embodiments; the 
penetrating manber 1 168 may be advanfeed at a non-lancing speed to the position shown 
in Figure 114, stop, and then be actuated at landng speeds to 

• .Fiigurel4idi6ws on embodiment ofanmidetside to cartridge 1152. In this 
embodiment, the analyte detecting members 1140, 1142, and 1143 are shown as they 
would he portioned in area 1 154. Leads or connectors 1 108 may be coupled to the 
analytei detecting members. It should be understood fliat aayofthe analyte detecting 

members disclosed herein or known in the art may adq>ted for use with ^ 
inventibn. . 

Referiing now to analyte detecting members in Figures 139-141, it should be 
.understood that, although not limited to the following, in this embodiment, the analyte 

detectmg menabers may be designed as foUows. The analyte detecting membCT may be • 
based oh dnronoramperometry measuiment tecbni^e using glucose oxidase (Gox) 
enzyme and N,N,N*, N'-'Teh:dmethyl-i)-phenylenediainine (TMPD), as electron transfo; 
; mediator, hi one embodiment, the analjyte detecting mranbef is a screen-printed three- 
elfectrode system. The conducting layers inay be made with a coinmercially available 
carbonpaste. The reference and die counter electrodes 1142 ^d 1143 maybe made of a 
cbinmercial formulation of Ag/AgQ. Although not limital to the following, the working 
electrode 1 140 may be made from the same coiDomercial carbon paste blended with Gox, 
the mediator, a buflFer and a.fliinner. The device has optimized the composition of flie 
working electrode material to lower tiie response time. A pho^hate bufiea- may be used to^ 
ii^tigatepH saisitivi^bf the inediatpf: 

" AdditipnaUy, a hydrophilic membrane with a surfactant may be used that 
stabilizes au btBenvise sublimable mediator such as "IMPD. This fe, presumably, achieved 
due to lpw 'soI\*iUty of the inediator ill the hydrophilic m 

. In one onbodimen^ the dewce for reading glucose signal is a voltage source 
provmg a constant oxidation potoitial of 130 mV between the woiking dectiode and the 
reference elecfrode. TTie output signal is the current flow between the wwking electrode 
and the counter electrode, the average of eleven successive current readings (measured 
over 1 1 0 milliseconds) after reaching a predetermined equihlwium point is read out The 
glucose composition is calculated using one of two caKbration lines depending upon the 
concentration range. 
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Tlie substrate on whicA the electrode is fonned 
film on yMch the electrodes, the insulating layer and thfe active materiais may be 
dqposited using screen-printing process. Jn some emlk)diment$, this PVC Uyo- may be 
about 756iim thick. The sanq)leHDontacting region on the electrodes is covei^ wifli a 
screen-printed hydrbgel (-4pm thick). Fpr the sip-in sensors^ the spacer fihn forms the 
sidewalk add defines the thickness of flie san^le region. This may be a double-sidal PSA 
layer or a screotprinted UV curable adhesive. The cover may be a 127 jim polyester film 
coated mth 8-15 ^m hydrophihc coating on ttie sample-^x)ntact 

Referring now to Figure 142, a cross-section of the analyte detecting members are ' 
shown. In this onbodiment, a substrate 140^ On top of this substrate, a 

caibpn paste is provided to form conducting layers 1402 for a screen-printed three- 
electrode systCTi. A spacer layer 1404 may also be provided. The reference and the 
cpunterelectrodes 1142andll43maybemadeof afonn The 
analyte detecting naember may be based on chrono-amperometry measurment technique 
using glucose oxidase (Gox) enzyme and NJ^J^r^ N'-Tetramethyi-p~phenylenediamine 
;^(TMPD), as electron tiansfCT media^^^ Although not linaited to the following, the 
working electrode 1 140 may optionally comprise of carbon paste blended with Gox, the 
mediator, a buffer and a thinner. A hydrophfllic layer or membrance 1408 is provided on 
top of the electrodes. In some embodiments, only the working electrode 1140 has the 
hydrophilic layer 1408. 

. Figure 143 shows that the layera in Figure 142 may be anmgedin^ 
shown. Figure 143 is an exploded view of the various layers. Tlie spzcer 1404 may be 
shaped as shown, may be ^hq)ed to match the substrate J400, or otherwise configured to 
allow the formation of the electrodes. The length ahd shape of the conductive lay^ 1402 
may ialsobe varied depending on where tiie electrodes are located and where the 
connection pads are for connection to a metering portion of the device. In one 
embodiment, the layers 1402 may extend to the inner diametq- of the substrate 14Q0. 

Referring now to Figjire 144 throng 146, one embodunent of a radial disc having 
a plurality of analyte detecting members will be described. Figure 144 shows ttiat flie 
disc 1420 may include a plurality of electrodes of the types, as described in Figure 142. 
Of course, it should be understood that other type of electrodes and testing techniques 
may ailso be adapted for use with the disc 1 420. 
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As seen in Figure 1 45, a connector disc 1430 provides a plurality of connector 
pads 1432 to facilitate electrical connection with connectors on the metering portion of 
the device. Although not limited to the following, each connector pad 1432 may have a 
size of at least I mm^ to facilitate sliding contact with the m^^enng device. The disc 1430 
5 has snialler pads 1434 for matching up with pads 1422 on the analyte detecting monber 
discl420! 

Referring now to Figure 146, it can be seen that the discs 14^ 
: combined together. In one embodiment as seen in Figure 147, the connectordjsc 1430 is 
located betweai a substrate such as, but not limited to, a disc 50Q and the analyte 

.10 detecting member disc 1430. Although no limited to the following, in some 

embodiments, the thickness of the connector disc may be less than approximately 50 jun.* 
The dimensions of the connector disc 1430 in one embodiment has a 25 mm inner 
diameter and a 46 mm outer diamet^. The dimensioris for various pads 1432 and related 
structure are shown in Figuri^ 148 for one embodiment of the present inv^on. , 

15 In another embodiment, another way for creating a.contact between connector 

pads of the sensor-disc with the sliding contacts of the meter is to briiig tiie connector 
. pads directly on the disc 500. In this case^ cotmector disc 1430 may become optional. In 
this embodiment, the coimectorluies as weU as the coimector pads may be printed 
directly on the disc 500 by screen-printing. Although not limited to the foUowmg, the 

20 layout for the screeiis for printing the coimector lines and the connector pads on the disc 
500 may be the same as the layout for the screens for printiiig the cqnn<sctor lines and the 
connector pads oii the coimector-<[isc 1430. For this prindug procedure,, a earlier (e.g., 
. aluminium) having recesses for Ibedisps 500 limy ^us^ 

recess may be the same a$ the value of the thickness of flie disc 500. Furthermore, die 

25 recesses in the earner material may be constructed in such a way,* that disc 500 will fix v 
into the recess in a prescribed position. For performing a printing step directly on the disc 
500, in this embodiment, Aere is fittlq change to the disc 500. A .voy plane sux&ce of the 
igq)er side (close to UiesensorK&sc) ofthe disc 500 may be used In somb embodiments, 
the rectangular recesses on die disc 500 are. located at a position where the electrodes of 

30 the analyte detectmg member disc 1420 may be positioned. ' 

Figure 149 shows the CQmbmed discs 1420 and 1430 may include a center portion 
1440 that is keyed and sh^ed to enable rotation of the disc. Gear teeth may be provided 
on the inner diameter surfaces of the center portion 1440. 
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Hguie ISQ shows that in some embodimeats, the disc 1450 is solid wi&out an 
opening in the c^t^. As a nonlimitrng example, a variety of indentations, gear teeth or . 
other shapes or structures as motioned in regards to Figure 52 may be formed on the disc 
and used to liable rotation aibd/orindning of the. disc. These stnictural formations may 
5 ' be on the top, bottom, inner diameter, or outer perigphqy of the disc. Notdies may also be 
used on the outer p^pheiy and other sur&ces. Aldioug^ no limited to the following, any 
of the discs disclosed faerdb may i>e adapted ^ 

but liinited to 4 sealing Iay^ll06 to protect th^ ' 
analyte detecting member dcsnsities as disclosed honein may also be applicable, to the discs 

10 disclosed. 

Figure 151 shows that varyiog numbers of andyte detecting 
provided on each disc, hi the embodiment of the Figure 151, the disc. 1460 provides 
enough analyte detecting membeis for 25 axialyte m 

understood that any number of analyte deeding member may be provided on a disc such 

15 as but not limited* to more than 17: Some may have no less thjih 20, 25, 30, 35, 40, 45, 
• 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 analyte detecting members; Some may have 
differmt analyte detecting inembera . for measuring di^ The disc 1460 may 

be adapted for use in a housing 1462 (shown in phantom) having a cut out 1464 that 
exposes only one, tiiree-electrode analyte detecting niember at a tioM. This allows the 

20 oth€*s to remain protected prior to use. The disc 1460 will rotate to bring an unused 
analyte detectmgmernber into position for use. hi some onbpdimeats, microiluidics 
and/or other methods as described herein may be used to draw fluid toward Ae analyte 
detecting members. Although lidtlipu^ted to the f6Bowing,the^ 
•Structures mky be form^ n^ the outer periphery of the disc. 

25 Figures 1 52 and 1 53 show still further embodiments showing that analyte 

detecting members 1470 may be mounted on substrate of a variety of shq)es including 
but not limited to cylindrical as shown. Other shapes such as but limited to square, 
wedges, half circles, pie wedges, triangular, wagon wheel, propeller, any combination of 
the atk)ve or other shsqpes may be used. Figifire 1 52 shows the members 1 470 mounted on 

30 a side wall of cylinder 1472. Figure 153 shows that the mraibers 1470 may be mounted 
on a face of a cylinder. The cylinder in figure 152 may be hollow. Other shapes such as 
but not limited to cones, spheres, cubes, coluimis, squares, rectangles, a concave or 
convex disc, combinations of these shapes, or the like may also be used. 
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While the ihvention has been described and illustrated with iiefarence to certain 
particular embodiments thereof those skilled in the art will, sqppreciate that vairiptis 
ad?s>tations, changes, modifications, substitutions, deletions,.or addittons of procedures 
. and protocols inay be made without dq>ar^ 

5 For exaiiq)le, with any of the above embodimients, the location of the penetrating member 
drive device may be varied, relative to the praetrating members or the cartridge: Wifli 
. any of the above embodiments, tiie penetrating memb^ tips' may be imcovered daring 
actuation (i.e. penetrating membeis do not pieripe the penetrating member enclosure or 
protective foil during launch). With any ofthe above embodiments, the penetrating 
10 members may be a bare penetrating member during liauneh. With any of the above 

embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may.allow for significantly tighter densities of penetrating members. In some 
OTibodiments, the penetrating members may be bent, curved, textured, shaped, or 
otherwise treated at a proximal end Or area to fadlitate handling by an actuaton The 
15 penetrating member may be configured to hav6 a notch or groove to facilitate coupling to • 
a gripper. The notch or groove may be formed along an elongate portion of the • 
penetrating iheinber. With any of the above embodiments, the cavity rnay be on the 
bottom or the top ofthe cartridge, with the gripper on the other side. In some 
embodiments, analyte detecting members may be printed on the top, bottom, or side of 
20 thecavitieis. The front end of the cartridge iha}4>e in contact with a user duri^ 

The same driver may be used for advancing and retraction of the penetrating member. 
The penetrating member may have a diameters and length suitable iFor obtainiiig the blood 
. volumes described herein. The penetrating meinber driver may also be in substantially - ; 
the same plane as the cartridge. The driver.may use a through* hole or other openitig to 
25 . • engage a jproximal end of a penetrating member to actuate the penetrating member aloiig 
a . path into and out of the .tissue. 

Any of the features described in this application or any refCTcnce disclosed herein 
. may be adapted for use with any embodiment of the present invention. For example, tiie 
devices of the present invention may also be combined for use with injection penetrating ' 
30 members er needles as described in commonly assigned, copending U.S Patent 

Application Ser. No. 10/127,395 (Atlomey Docket No. 38187-2551) filed April 19, 2002. 
• An analyte detecting member to detect the presence of foil may also be included in the 
lancing apparatus. For example, if a cavity has been used before, the foil or sterility 
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banier wiU be pimched. The ahalyte detecting mi^ 

not based pn tbe status of the banier/It should be understood th^ 

embbdimeots, the sterility banier may be designed to pieice a stmlitybaxriCT of 

tUclaiess that does not duU a tip of the penetrating mea^^ The lancing s^paratus may 

. 5 also use inq>roved drive mechanisms. For example, a solenoid force goierator may be i 
improved to try to incitease the amount of foit^ 
cnnrent A solenoid for use with the present m^ 
. present embodiment the slug is roughly the size of two coils; Ctee change is to increase | 
the thickness of the outer metal shell or wdings surround the coils. By increasing the i 

10 tluckness,&e flux wil also be incroa^ | 
alsobeusedandofTsetby of a coil pitck TMs allows more slugs to b^ \. 
coil where it could be accelerated This creates more evrats where a slug is s^proaching \ 
a coil^ creating a nlore efficient system. ^ 
hi another optional alternative embodiment, a gripper .in ^t^^ 

15 protective cavity may hold the penetrating member during sMpm " '. ' 

eliniinating the feature of using the foil, protective end, or other part to 
penetrating member* Some other advantages ofthe disclosed einbodiments and features 
of additional embodiments iaclude: same mechanism for transferring the used penetrating 
members to a storage area; a lugh number of penetrating m^berssuck^ | 

20 to 25, 50, 75^ 100, 500, or more penetrating members inay be put on a disk or cartridge; . j 

molded body about a lancet becomes unnecessary; manufacturing of miiltiple p^etrating | 
fnember devices is simplified through the use of cartridge; handling is possible of bare | 
rods metal wires, without any additional Structural features, to actuate item into tissue; • | 
. inaintainingextp^e (better than 50 inia:on4^eral->^ and | 

25 predsion in gmding; and storage system for new and us^ipra^ 

individual cavities/slots is provided. The housing ofthe lancing device may also be sized 

to be ergonoiiiicailypleasiiig. In one embodiment, the device has a width of about 5^^ -J., 
mm, a length of about 105 irmi and a fluclmeSs of about 15 

embodiments of the present invention may be used with non-electrical force generators or . ' 
.30. drive mechanism. For example, the punch device and methods for releasiiig the 

penetrating members from sterile enclosures could be adapted for use with spring based 
latmcheis. The gripper iising a frictional couplLag may also be adapted for use with oA 
drive technologies. 
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Still fiirflieroptioiialfeat^ 

exaiq>i<^ with any of the ibove embodim^ 

drive device may be varied, relative to the 

anyoftfieabove embodiments, thepeaehatingmembcr^^ 
5 actuation (i.e.peQetnitmgmemb^^ 

protective foilduringlawidi). Thepeneha^ 
. memba dining launcL The same drivermay Wused for advancing and retnustipn of the 
penetrating membeT. Diffeient.analyte detecting members detec^^^ 
glucose .concen^on. diiSFerent analytes, ^ 
10 penetrating niembfer. Nonijotentiometric measurement twhniques may also be 'iised for 
smalyte detection. Fot example, direct electron transfer of glucose oxidase molecules 
adsorbed onto carixm iian^ 
. levels. ' in some em^fitoents. the andlyte detecting members may formed to Oush with- 
flie cartridge so t^a Hiren^ is hot foi^ In some other embodiments, the aiialyte 
15 detectingmembers may formed to be substantially flush (Within 200.microns or 100 ' 
imcnHls)>wtK the caitridge surface. In all methods, nanosbopic wire growUi can be 
earned out yia chemical vapor deposition (CVD) or other vapor deposition. ; In all of the 
anbodimerits of the invention, nanoscopic wires may be nanotubes. Any method useful 
• for depositing a ghicose oxidase or other analytb detection materia 
50 nanotubemaybeusedwifli the present invention. Additionally, for some embodiments; 
anjr of the cartridge shown above may be configured without any of the penetrating 
members, so that flie cartridge is simply an analyte detecting device. Still further, the 
ihitexipgof the cartridge may be such that adjacent cavities may not necessarily be used- 
serially or sequentially. As a noniimiting example, every second cavity may be used • 
5 >equentiaUy, which means that the cartridge wiU go flirough two 

substantially all of the cavities are used. As another noniimiting example, a cavity that is 
3.<»vitiesaway,4cavitiesaway,orNcavitiesawaymaybethenextoneused. 
allow for greater sq)aration between cavities containing penetrating members that were .. 
just used and a fi-esh penetrating mdnber to be used next It should be understood fliat " 
nanowires pay be used with any embodiment of the cartridges described herein: The size 
and diameters of theradial cartridges described herein may also vary and are not limited 
to the sizes shown herein. 
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this a{qpltcadon cross-references commonly assigned coprading U.S. Patent 
AppKcations Sot. No40/323,622(Attomey Docket No. 38187-2606) fUcd Deconber 18, 
2002; commonly assigned copending y.S Patent Applications Ser. No. 10/323/623 
(Attom^Docket No. 38187-2607) filedDecCTbc^ 18, 2:W^ 

5 copendmg US. Patent Applications Sor- No. ♦ (Attorney Docket No. 38187- 
2609) filedDecember 18, 2002. The pr^ent q>pHcation is rdated to comnionly assigne^^ 
co-penffihg U.S. Patent Application Sef. Nos. US: 10/335,215; 10/335^8; 10/335,099; 

' 10/335,219; 10/335,652; 10/335,073; 10/335^0; 10/335,252; 10O35,2i8; 10/335,211; 
. 10/335,257; 10/335,217; 10/335,212; 10/335,24^ 

10 10/335,259; 10/335482; (Attorney Docket Nos. 38187-2633 tbrpugh 38187-2652), ffled 
December 3 1,2002. All appUcationsKstedstfkjVQfurefuUy incorporated herem 
refCTCTCe for ail purposes. The publications discussed or cited h^ein are provided solely 
- for their disclosure prior to the filing date of the present application. Nothing herein is to 
be construed as an admission diat (he present invention is not entitled to aiitedate such 

15 . publication by virtue of prior invention. Further, the dates of publication provided macy be 
different firom the actual publication dates which may need to be indepqadenfly 
confimied. All pubhcaitions mentioned herein are incorporated herein by reference to 
disclose mi (tescribe the structures and/or methods in coimection with which the . 
publications are cited. 

20 Expected variations or diiSerenc^ in Uie results are contemplated in accordance 

wi& the objects and practices of the present invention. It is intended, therefore, that the 
invention be defined by the scope of the claims ^ch follow and that such claims he 
* mteipreted as broadly 
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WHATlSCL ATMFnT<^^ / 

* 1- A device for use with a metering device f^^ 

2 levels, said device comprising: 

3 . acartridge; 

^ . ^ plurality of analyte detecting members mounted on said cartridge. 

^ . 2. The device of claim 1 whwein said cartridge does not mclude any 

.2 penetrating tnembers... 

1 3. .ThedeWceofclaiml wherrinsddcartridg 

2 ;^hape..- 

^ 4; The device of claim 1 wherem said cartridge is sized to fit withn 

. 2 said metering device. : 

^ . 5^ . device of claim 1 wherein said analyte detecting members 

.2 whearein only a working electn>de is covered with a^^^ 

* "n^e device ofc|biml wherem 

2: include woridng and counts: electrodes fomied fiximone df the following: Ag 6x Ag/CV 

. ^ The device of claim 1 wherein said analyte detecting members 

2 ; have dieferent sensitivity ranges enhancing the overall range of sensitivity of an array of 

3 such members when used on a single fluid sample. 

1 -8- Th? device of clafin 1 wh«^ 

2 pKivide&eit-midj^isrequiimgno^^ 

3 100,60,50,30,20, 15, 10, and 5 nanolitore. 

1 9. The device of claun 1 wherem said analyte detecting member 

2 comprises a working electrode, a reference electrode, and counter electrode, wherdn only 

3 the woridng electrode is covered with a redox mediator; 

y 10. The device of claim 1 said analyte detecting members use an 

2 ampefometric measurement technique. , • 
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1 11. The device of claim 1 furOier comprising a mesh configured ftuid 

2 spreader positioned over said ainalyte detecting member. 

1 12. The de^ce of claim 1 forUiuer com^^ 

2 positioned over said analytedetectmgm^W. 4 J3 cubic centi^ 

1 13. The device of claim 1 herein the cartridge has a higher density of 

2 analyte detecting memb^ than 4.53 cid}ic cmtimeters divided by 17 single analyte 

3 detecting member.. 

1 14. The device ofclaiml whoem the cartridge has a higji 

2 analyte detecting members than 4.53 cubic centimeters divided by 20 

3 detecting member. 

1 IS. tlie device bfclaimlwh^in the cartridge h^ 

2 aoalyte detectipg meiiibers than 4.53 cubic centhn^^ divided by 25 per single analyte 

3 detectmg^anber. ' 

1 16. The device of claim 1 wherein the cartridge has a higjier density 

2 analyte detecting members than 4.53 cubic centimeta:s divided by 50 per single analyte 

3 detectiiig member. 

1 17. A device for use with a body fluid sampling device for esctractmg 

2 bodily fluid from m smatomical featu^ 

3 . a cartridge having a plurality of sample chambers; 

4 . : , a j^mahty 

5 wh^in at least one of said analyte detecting members forms a portion of 

6 one wall of one of said plurality of sample chambers. 

1 18. ilie device of claim 17 wherein said cartridge comprises^ 

2 connector disc and ah malyte detecting member disc. 

1 19: A device for use with a body fluid sampling device, for extracting 

2 bodily fluid fiom an anatomical feature, said device comprising: ' 

3 a cartridge having a plurality of sample chambers; 
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4 ^ plurality of penetrating membOT each at least partially contained in said 

5 cacvities of the single cartridge wherein the penetrating membCTS are slidably movable to 

6 extend oiitwaid fiom openings on said cartridge to penetrate tissue 

7 a plurality of analyte detecting mraibeis; 

8 . ^^rdn said chiunber iis positioned subs^ 

9 periphery of said cartridge; 

: at least one opening in one ofsaid sample chambers leading fluid along a 

11 fluid paA towards one of said analytedetecti^^ • 

^ The device of claim 19 whereia said fluid pafli contains a channel 

2- sized to hold no more than 1 microliter. 

• 1 21. A method for detearnming a concentration of an anal^ - . 

• 2. fluid, comprising: 

3 • coUectingasanipleofbodyfluidofaboutSOOnLorless; 
^ . <^vering an electrochemical sensor with at least a portioned 

5 deteraiming the concentration of th^ 

6. ..potentiometric technique. 

1 22. A device comprising: 

2 .a pluraUtyofanalyte detecting members defiiiing an array; 

3* wherein at least two of said membeis have diflerent sensitivity ranges * 

4 enhancmg the overall range of sensitivity of the array when used on a sample fluid. 

1 23, A device corijprising: 

2; . asiiigleciartridge haviiig aplui^ 

3 ^plunihtyofmaiytedbtec^ 

4 wherein at least two of said sensors have diffoCTtsenativityii^ ' 

5 enhmcrngtheoveraDfangeofsenatitiviyof^ 

6 wherem said plurality of cavities each has one analyte army. 

1 24. * A system comprising: ' 

. 2 . an electric penetrating member driver; 

3 a single cartridge having a plurality of cavities; 

4 a plurality of penetrating members housed in said cavities and iridividually 

5 movable by said driver to penetrate tissue; 
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6 apluraUty of analyte detecting niembere defining an an^d 

7 wherein at least two of said sensors have dififetCTt sensitivity ranges 

8 enhancing the overall range of sensitivity of the array when used on a sample fluid; 

9 . wherein sdd plurality ofcavitiesdach has one analytea^ 
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